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PREFACE. 


N OTWITHSTANDING the many publications which 
have appeared on Mathematical ſubjects, and the 
great improvements that have been made in every 


department of the ſcience, a general treatiſe, on a 


cheap and accurate plan, ſeems as yet to be a deſi- 


deratum. Volumes have been wrote, not only upon 
every branch, but even upon particular parts of eve- 
ry branch. Theſe are more particularly adapted to 
the learned, and cannot all be purchaſed but at an 
extraordinary expence. This inconvenience has no 


leſs been felt by thoſe who have undertaken the 


charge of teaching, than by their pupils. 


Ir muſt be very diſagreeable to a teacher, before 
he can lead a claſs through a courſe of PraQtical Geo- 
metry, to make the ſtudents purchaſe a number of 
volumes on detached parts of the courſe : It is no 
b 2 


1 PREFACE. 


leſs perplexing to a ſcholar to read them in order to 
retain what has been taught : Not to mention that 
the books fo purchaſed may have a very different 
mode of expreſſing the ſame thing, which muſt ſtill 


encreaſe the perplexity. | .Y 
TRE author has frequently found, from his own 1 
experience, as well as from the report of others, that 3 
treatiſes of this nature afford but imperfect materials 
for the exerciſe of youth. Hence teachers are under 
the neceſſity of inventing what they eſteem a pro- | 
per ſet of exerciſes; and to this circumſtance muſt 
we chiefly aſcribe the abſurd cuſtom adopted by ſore, 


80 
age" 


viz, that of teaching in their own way. 


With a view to obviate this inconvenience ; to 
furniſh thoſe who incline either to teach or learn 
practical Geometry, with a ſyſtem at once full and 


complete, for every purpoſe in ordinary life; and 


to afford them this advantage at an eaſy rate—the 
following treatiſe is reſpectfully ſubmitted to the at- 
tention of the Public. And, as the author has had ſome 
years experience of its utility and convenience in the 3 
courſe of his practice, he thinks he can, with ſome [ 


degree of confidence, recommend it as the only trea- 
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tiſe that has yet appeared proper for being. taught at 
academies and ſchools, the ingenious Dr Hutton's ex- 
© cepted. But though this work is excellent in its 
kind, its high price prevents its being generally uſe- 


ful zan objection which, it is hoped, the following 
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treatiſe wn entirely re remove. 


TRE author is conſcious that there can now be but 
few claims to originality; yet he Aatters himſelf 
that, even in this 1eſpect, he will not be found en- 
_ tirely deficient. is | 


TE arrangement is fuch as ſeems beſt calculated 
for inftrution—beginning with the ſimple rudi- 
ments, and, by gradual and eaſy ſteps, proceeding to 
that which is more complex, in ſuch order that what 
is prior paves the way for what is to follow. The 
greateſt care has been taken to ſelect the moſt im- 
portant articles, and to introduce every neceſſary in- 


formation, in ſo far as regards Menſuration. 


To ſome of the problems two or more rules are 
annexed, and an example wrought at large to each, 
in ſuch a manner as to be intelligible to the moſt or- 
dinary capacity ; and, for exerciſe, copious ſets of 


unwrought 
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unwrought examples, with their anſwers, are inſert- 
ed ; and, in order to render this work {till more ac- 
ceptable, a great variety of miſcellaneous queſtions, 
with their anſwers, are propoſed, as a general exer- 


ciſe and concluſion to the work. _ 


Uro the whole, It is hoped that, by means of 
the preſent treatiſe, the buſineſs of teaching and 
learning the practical part of Mathematics will be 
attended with leſs trouble and expence than former- 
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1 as POINT 15 that which 1 no bars, neither lengthy 
1 ban nor thickneſs. 
2. A line is length, without breadth or thickneſs. 
3. A ſurface, or ſuperficies, is that which has length and 
breadth, without thickneſs. 
4. A ſolid is that which has length, breadth, and thickneſs. 
J Points are the extremities of a. line. "i 
1 6. Lines are the boundaries of a ſuperficies. 
7. Superficies are the boundaries of a ſolid. 


7 


| See plate 1. Ag. 1. 


the ſame diſtance, though produced ever ſo far. 
10. An angle is the inclination of two lines of different di- 
rections, and meeting in a point. See plate 1. fig. 2. | 
N. B. When two lines, AB, and BC, meet in any point, 
B, the angle, may be expreſſed by three letters, putting 


other two, thus : ABC, or CBA. 

1. When one ſtraight line falls upon adn Araight line, 
ſo as to make the adjacent angles equal to one another, each of 
them is a right angle and the ſtraight line which: falls upon 
the other is perpendicular to it. See plate 1. fig. 3. 


12. 


8. A ſtraight line lies evenly between its extreme points. 


9. Parallel lines are ſuch as ate in the ſame hinge and keeps. 


B, the letter which is at the mann point, W _ 


I2. An angle which is lefs than a right angle, is call; OY 5 
acute angle. See plate 1. fig. 4. | | STENT 


\ 


* 
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13. An angle which is greater than a right angle, is called 
an obtuſe angle. Plate 1. fig. 5. 
14. A figure is that which is incloſed by one or more boun- 
daries. | 
15. A triangle is bounded by three 8 lives. 
16. Quadrilateral figures are bounded by four ſtraight lens. 
17. Polygons are bounded by more than four {ſtraight lines. 
18. An 3 triangle is that which has all its ſides e- 


qual. Plate 1. fig. 6 ; 
19. An iſoſceles langle is that which has two of its ſides 


equal. Plate 1. fig. 7. 

20. A ſcalene triangle is that whoſe ſides are all unequal, 
Plate 1. fig. 8 | 

. right-angled nds 1 that which has one right angle. 


Plate 1. fig. 9 
22. The jongeſt fide of a right-angled triangle is called the 


hypothenuſe. 
23. An acute angled triangle is that whoſe . are all a- 


cute. Plate 1. fig. 10. 
24. An obtuſe angled triangle is that which has one obtuſe 


angle. See plate 1. fig. 11. 


25. A ſquare is a figure whoſe des are equal, and all its 


angles right angles. See plate 1. fig. 12. 
26. An oblong is that whoſe parallel ſides only a are , 


and all its angles right angles. Plate 1. fig. 13. 


27. A rhombus is that which has all its ſides equal, but its 


angles not right angles. Plate 1. fig. 12. 

28. A rhomboid is that whoſe oppoſite ſides only: are equal, 
but its angles not rig! « angles. Plate 1. jig. 13. 

29. A trapezium is a four-ſided figure, which has none of 
its fides parallel. Plate 1. Hg. 14. 
30. A trapezoid is a quadrilateral figure, with two of its 
hdes parallel. Plate 1. fig. 15. | 

31. A diagonal is a ſtraight 4 which; joins any two oppo- 
fate angles of a quadrilateral figure. Plate 1. fig. 16. 
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32. A circle is a figure bounded by one curve line, which is 


called the circumference. Plate 1. jig. 17. 


33. The centre of a circle is a point A, within the figure, 


equidiſtant from every point in the circumference. 


34. The radius of a circle is the diſtance between the centre 


and circumference. 


35. The diameter of a circle is a ſtraight line drawn through 
the centre, and terminated both ways by the circumference. 


A is the centre. 
AB the radius. 
CD the diameter. 


Note, The diameter is equal to twice the radius. 


36. An arch is any part of the circumference. 


- 


37. The chord of an arch is a [og line, drawn between 


the extremities of an arch. 


38. The ſegment of a circle is that ſpace contained between 


the chord and arch of the ſame circle. 


39. A regular polygon is that whoſe ſides are all equal. 
40. An r 9 is a figure whoſe ſides are not all 


equal. 


41. Polygons receive names according to the number of 


their ſides and angles. 


Thus, A trigon has 3 ſides. 


A tetragon 4 
A pentagon 5 
A hexagon 6 
A heptagon 7 
An octagon 8 
An eneagon 9 
A decagon 10, &c. 


42. A mixed angle is that which is formed by one curved 


hne meeting another ſtraight line. 


43. A curve lined angle is that which is formed by the 


meeting of two curved lines. 
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 GEOMETRICAL PROBLEMS. 


1. To mike an Equilateral Triangle upon a given line AB. 


FROM the centre A, at the diſtance AB, deſcribe an arch 
and from the centre B, with the ſame radius, deſcribe another 
arch, cutting the former in C; join CA and CB. Plate 1. fig. 18. 


PROBLEM U. 
To biſect any given line AB into tauo equal parts, 


Upon B for a centre, with a radius more than the half of 
AB, deſcribe an arch; and on A for a centre, with the ſame 
radius, deſcribe another arch, cutting the former in the points. 
C, D: Join CD, and CD will biſect AB in the point E. Plate 


| 2. figs 19. 


PROBLEM 111. 
To erect a perpendicular from a given point A, in a given line AB. 
UPON any point, C for à centre, with the radius CA, de- 
ſcribe a circle, cutting the given line alſo in D; draw the dia- 


meter DCE, and join EA ; then ſhall EA be the pond | 
lar. Plate 2. Js: 28. 


PRO- 


GEOMETRICAL PROBLEMS. & 3 
PROBLEM IV. 


Zo erect a perpendicular from a given point A , in a given line AB, 
another away. 


FROM the given * A, with any radius AC, deſcribe an 


arch, cutting the given line in C; from C, with the ſame ra- 


dius, cut the former arch in D and E; and upon theſe points 


as centres, deſcribe arches cutting in R; join RA, and it will 
be the perpendicular required. Plate 2. fig. 21. 


PROBLEM V. 


* 2 


From a given point C, to drop a perpendicular upon & given line AB. 


On C, the given point, as centre, with any convenient di- 
ſtance, ſweep an arch, cutting the given line in the points 
D, E; and from theſe points, with any radius more than half 
their diſtance, deſcribe arches cutting each other either above 


or below the line; join the point of interſection and C, and 1 ir 


will be the Plate 2. hg. 22. 


| PROBLEM VI. 
20 biſet a given angle ABC. 


From B the angular point as centre, deſcribe an arch cutting 
the containing ſides in D, F; on D, F for centres, deſcribe arches 
of equal radii, cutting each other in E; join BE, which .will 
biſect the * ABC. * 2. A. 23. 5 
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PROBLEM VII. 
To triſect a right angle ABC. 


FROM the angular point B, with any radius deſcribe the 
arch AC; from C as centre, with the ſame radius, cut the arch 
ACinD; and from the centre A, with the ſame radius cut 


the arch AC in E; then join DB, EB, and 88 will triſect the 


angle. Plate 2. fg. 24. 
PROBLEM VII. 
N ew a line parallel ts « gives Gor AB. 


FROM any two points, D and E, deſcribe arches of equal 


radii z draw CF to touch * . and CF will be parallel 


to AB. 


PROBLEM IX. 
To divide a line AB into any number of equal parts. 
LET it be required to divide AB into ſeven equal parts, from 


A draw AD at any angle ; and from B draw BC parallel to AD. 
On each of theſe parallel lines lay off as many equal parts as AB 


is to be divided into: Join the oppoſite points of diviſion by 


ſtraight lines, paſſing through AB, and they * divide AB as 


__ Plate 2. fig. 26. 


PROBLEM X. 
To find a fourth proportional to three given lines. 


MAKE any angle ABC: Set off the firſt term from B to D, 
the ſecond from D to A, the third ow: B to E; join DE, and 
through 
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through A draw AC 8 to DE; then EC will be the 


fourth proportional required. Plate 2. furs 27. 


7 | = 
| PROBLEM XI. 
To find a mean proportional betaween lauo given lines, AB, BC. 


MAKE AC equal AB- EBC; biſect the line AC in the point 
D, with the centre D, and radius DA, or DC, deſcribe the ſe- 
micircle AEC; erect the perpendicular BE, and it will be the 
mean proportional required. Plate 2. fig. 28. 


PROBLEM XII. 
To make a triangle with three given lines, AB, BC, CA. 


TAKE any line AB for, the baſe line; on the centre A, 
with the radius AC, defcribe an arch; on the centre B, with 
the radius BC, deſcribe another arch, cutting the former in C; 
join CA and CB, and ABC is the . required. * 2. 


Ps 29. 


PROBLEM XII. 
To meaſure aiy given angle from jp line of chords. 


FROM the angular point A, with the chord of 60® for a 
radius, deſcribe an arch cutting the containing fides, produced, 
if neceſſary, in the points D, E; take the diſtance DE in your 
compaſſes, and apply it to the line of chords. Thus the quan- 
tity of any angle is obtained. See fig. 3 T. plate. 2. 


Note, When the angle to be meaſured is obtuſe, it muſt be 
taken off at twice. Thus, let the angle be 120˙ß firſt take 
go? and 3⁰⁵ „or 60 and 60%, either of which will do. 
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To FN an * of any propoſed number of degrees, with a given 4 


the thing is done. 


and on D as centre, with the ſame radius deſcribe another arch, 


PROBLEM XV. 


1 
* by fo IE 
F * > "> wa 
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WITH the centre A, and radius 60* deſcribe an arch, cut- 
ting AB in C; then take the propoſed number of degrees in 
your compaſſes, and with this for a radius and centre C, de- 
ſcribe another arch, cutting the former in D ; join AD, and A 


PROBLEM XV. 
Upon a given line AB, to deſcribe a Jquare. 1 


UPON the point AB erect a perpendicular AD, equal to 
AB; from the centre B, with the radius AB, deſcribe an arch ; 


cutting the former in the . C; in DC and BC, and it 
is done. 


PROBLEM XVI. 
To deſcribe a parallelogram of a given length and breadth. 


Make BC perpendicular to AB; upon A, as centre and ra- 
dius BC, deſcribe an arch ; with the centre C, and radius AB, 
deſcribe another arch, cutting the former i in D; then join DC 

and ks and it is done. 


PROBLEM XVII. 
To deſcribe a circle in a given triangle, ABC. 
BISECT any two of the angles with the lines AD and BD; 


from D drop a perpendicular DE, upon any one of the three 
_ tides: 


e 
e 
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fides ; 1 upon D for a centre, ao radius DE, deſcribe the 
circle J and it is done. Flate 2. fige 34. 
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PROBLEM XVII. 


About any given triangle to deſeribe a circle. 

BISECT any two ſides, BA, BC, by perpendiculars, DE, 
DF, with the'centre D, and radius equal to the diſtance of 
any one of the angles, deſcribe a circle. Plate 3. fig. 35. 

PROBLEM XIX. 


To deſcribe a circle in or about a given ſquare. 


DRAW two diagonals to the given ſquare at the interſec- 
tion D drop a perpendicular DE; on D as centre, with the ra- 
= dius DE, deſcribe a circle for the inſcribed circle; on D as 


centre, with half the diagonal for the radius, deſcribe another 
bor the circumſcribed circle. Plate 3. fig. 36. 


PROBLEM XX: 


To deſcribe a ſquare in or about a we 


> 4 
. A 
* 
* 5, 
I > 


DRAW two diameters, AB, CD, at right angles to each o- 
ther; join their extremities for the inſcribed ſquare ADBC, and, 
at the angular points of the inſcribed ſquare draw tangents, 


and they will form the circumſcribed ſquare, a be d. Mate 3. 
Ae. 37. 


B —_—_ 
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PROBLEM XXI. 


To * a circle through three given points, A, B, C, which att 
not in the ſame Straight line. 


| JOIN the middle point to the other two; biſect their diſtan- 
ces perpendicularly by ſtraight lines meeting in D; then with 
the centre D, and diſtance of either of the three given points 
as radius, deſcribe a circle, and it ſhall paſs * A, B, C. 


Plate 3. fig. 38. 
PROBLEM XXII. 


A ſe 4 * of a circle being given, to de eſcribe the circle of which ut 
7s the ſe /e 8 n 


Draw AC the chord, and biſect it at right angles by BD 8 
then join AB, and make the angle BAD equal to the angle 
ABD; draw AD, then with the point D as centre, and radius 
DA, DB or DC, deſcribe the circle, and it is done. Plate 3. 

— Or, take any three points in the ſegment, and biſect 
their diſtances, and the biſecting lines will interſect each other 
in the centre, as in prob. 21. 


PROBLEM XXIII. 


Fo ts N 4 nen that dall be equal to a given n 
| ABC. | 5 
. 
Biſect BC in E; join AE, and draw CD equal and parallel 
to AE; then; join AD, and AECD is the — requir- 
ed. Plate 3. fg. 40. 
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1 PROBLEM XXIV. 
9 To make a triangle equal to a given trapezium, ABCD. 
2 Draw the diagonal BD, and through C draw CE parallel to 
Bb, and meeting AD produced in E, join BE; and the tri- 
1 angle ABE is equal to the trapezium ABCD. Plate 3 . fg. 41. 


PROBLEM XXV. 


= 


To make a triangle equal to an irregular polygon, ABCDE.. 


Draw the diagonals, CA, CE, through B, D; draw DG and 
BF parallel to them, meeting the baſe AE, produced both ways 
in F and G; join CF and CG; ſo ſhall the triangle FCG be 
equal to the given figure ADE. Plate 3. fg. 42. 


PROBLEM XXVI. 


To vide the area of a given circle into any number of equal part, 
ty concentric circles, ſuppoſe into three equal parts. 


Divide the ſemidiameter AC into PRA equal parts, in the 
points a,b; alſo biſect AC in the point x; and upon x as 
centre, with the radius Ax, or xC, deſcribe the ſemicircle 
AabC ; and through the points of diviſion 4,5, erect perpen- 
diculars to meet the ſemicircle in a, and 5; then, on C as cen- 


tre, with the diſtances b, a, deſcribe circles, and it is done. 
Plate 3. Ag. 43. 


„ 


PROBLEM XXVII. 


The pu 1 of the diagonal ſcale. 


Draw a line AE, of any convenient length ; divide it into 
12 — parts; complete theſe into parallelograms of a conveni- 
5 2 | ent 
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ent Wale, by drawing parallel lines; ide the altitude of 


theſe rectangles into ten equal parts, and, through each of theſe 
parts, draw parallel lines the whole length of the ſcale. Di- 


vide the firſt diviſion AB into ten equal parts, alſo CD into as 


many, and connect theſe points of diviſion by diagonal lines, 
and the ſcale is finiſned. | 


In taking meaſures from the diagonal ſcale---If the large di- 
viſions be reckoned units, the ſmall diviſions from A to B will 
be decimals, If the great diviſions be 10, each of the ſmall 
diviſions 1s an unit; and if the great diviſions be 100, then'each 
of the ſmall divifions is 10, and each divifion in the altitude is 
an units | 


If it were required to take off 456 from the ſcale; with one 
foot of the compailes on 4, extend the compaſſes till you have 
4 of the great diviſions and 5 of the leſſer; then flide up your 
compaties with a parallel motion till you come to 6 on the pa- 
rallel lines, and you have the extent required. 


PROBLEM XXVII. 


The conſtruction of the line of chords, fines, tangents, and ſecants. 
About the centre C, with any convenient radius *, deſcribe 
the ſemicircle ADB; erect the perpendicular CF, which will di- 
vide the ſemicircle into two quadrants, viz. AD, BD: divide 
the quadrant DB into nine equal parts, and upon the point B 
erect a perpendicular BT, then draw AD and BD. 


On Bas centre, transfer each of theſe diviſions in the qua- 


drant DB, to the ſtraight line BD; then is BD a line of chords. 


From the points 10, 20, 30, & c. in the quadrant BD, drop 
perpendiculars upon the diameter AB; transfer the perpendi- 


: culars 
The degrees are numbered from B to P. 


i B Sg 
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verſed fines. 


From the centre C, draw ſtraight lines through each diviſion 
in the quadrant BD, to meet the tangent BT; ſo ſhall BT be 
a line of tangents. | | : | 


From the centre C, with the diſtances of each of the lines 
which meet the tangent, ſweep arches to cut CF; then 8822 
CF be a line of ſecants. 


— 


If from the point A ſtraight lines be drawn to the ſeveral di- 


viſions in the quadrant DB, they will divide the radius CD in- 


to a line of ſemitangents. 


Again Divide the quadrant AD into eight equal parts, and 


from A, transfer the diviſions to the line AD; then ſhall AD 
become a line of rhumbs, each divifion anſwering to a point ok 
| the mariner's compaſs. 


PROBLEM XXIX. 


The angles, and one leg of a right-angled triangle being given, te 


conflru the figure, and find the other leg. 


Angle A=30? 40 
Given 4 Angle C=59? 20' f Required BC. 
B=390 15 


From the diagonal ſcale make AB 300; upon B erect a per- 


pendicular of an indefinite length; and at the point A make 


an angle of 30* 4c'; then draw the line AC, and it is done. 


If rac angle at C be meaſured, it will be 59? 20'; and if the. 
leg B C be applied to the ſame diagonal ſcale from which AB 
Vas taken, it will meaſure 177.9. Plate 3. fig. 43. 


PR 


eulars to DC; fo ſhall DC be a line of ſines, and CB a line of 
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PROBLEM XXX. 


The 1 and all the angles * given, to find the 9 


AC= 568 . | 
Given 0 Angle Az=3290” 1 [ Required AB, and BC.- 
(Angle C=50? 46' | 

Draw the line AB of an indefinite length, and draw AC e- 
qual 568, making with AB an angle of 39* 14'; and from C 
drop a perpendicular, cutting the baſe in B, and it is done: 
For if angle C be meaſured from the line of chords, it will mea- 
ſure 50* 46; and if AB be meaſured from the ſame diagonal 
ſcale, it will meaſure 449, alſo BC 359.2. Plate 3. fig. 44. 


- TRODAEIE XXXI. 


The tao legs of a enced triangle 3 given, to find the acute 
angles, and the hypothenuſe. 


I? Req, angle A, angle * 


* BC=160J and AC. 


From any diagonal ſcale, draw AB=150, and from the fame . 
ſcale draw BC perpendicular to the former = 160; join AC, and 
the triangle is conſtructed: for if angle A be meaſured from a line 
of chords, it will be 46* 51'; alſo angle C439“; and AC wit 
be 219. -3 equal parts. Plate 3. fig. 45. , 


PROBLEM XXXII. 


The . and one of the Fm being given, to And the acute, 
an * and the ey leg. 


Given . : } Required ang. C, ang. A, and AB. 


Draw 


GEOMETRICAL PROBLEMS. 15 


Draw the baſe AB, upon B erect the perpendicular BC e. 


qual 69; take 150 from the ſame ſcale, and with the centre C, 


and radius 150, deſcribe an arch to cut the baſe in A; join 


AC, and it is done: For angle A will meaſure 27 23', and 


angle C 62* 37) and the baſe BG 133 _— parts. Plate 3. 
Hg. 46. 


PROBLEM XXXIII. 


Given two angles of an oblique angled triangle, and the fide oppoſe a 


to one of them ; to find the other ſides. 


Jang 1 15 3 
Given 4 Angle A 59? { Require AC and BC. 
A-B-276.5--- - 
Find the ſupplement of the ſum of the two . 3 
thus: 50 & inne 

46d from 180 ſubtract 111 15, the remainder will be, 
68» 45“; then draw AB equal 276.5: Draw AC, * 
angle A 59, and from B draw BC, making angle B 68 45's 
and meeting AC in the point C, and it is done: then ſhall AC 
meaſure 325.9, and BC 299.7. Plate 3. fig. 47. 


PROBLEM XXXIV. 


Two fides of an oblique angled triangle, and the angle oppoſite to one 
of them being given, to find the otber angles and the third ſide. 


K ABz=26 
Given? AC=39.42 1 ang. Aang. C and BC. 
1 — B=g1® 1 F 


Draw the baſe AB equal 26, and at the point B make an 
angle of 91 15” MY BC; then on A as centre, with the ra- 
dius 


; 
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dius 39.42, deſcribe an arch . 0 in C, and join AC, 


and it is done. 
So ſhall angle A meaſure 4) 30', and angle C 41* 15/; Afo 


BC 29.07 ** HAS Plate 3. fig. 48. 


PROBLEM XXXV. 


Tuo fades, and the contained angle of any triangle being given, to 


find the remaining angles, and the third fide. 


| AC=60 ) 
Given] BC=50 (Required ang. A ang. B and AB. 
(Ang. C=45" | 


Draw AC equal 60, and BC equal 50 equal parts, meeting 
in C at an angle of 45; then join AB, and it is done: For 
if you take AB in your compaſſes, it will meaſure 43. 1 on the 
ſame ſcale of equal parts; alſo angle A will meaſure 55 7', 
and angle B 79 53', from the line of chords. Plate 3. fig. 49 
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Locarrrams are a ſet of artificial numbers, and may be 
conſidered as the indices of a ſeries of Geometrical proportions 
als, and are fo related to the natural numbers, that the addition 
of Logarithms is equivalent to the multiplication of the corre- 
ſponding numbers; alſo, the ſubtraction of logarithms is the 
fame as the diviſion of the correſponding numbers; their dif- 
ference being the logarithm of the quotient. | 

Here it may be obſerved, that common numbers are a ſeries 
whoſe differences are equal ; ſuch as, 2, 4, 6, 8, 10, &c. where 
the common difference is 2, and are called a ſeries in arithme- 
tical progreſſton. 

Alſo a ſeries of numbers whoſe ratios are onal are called 
a ſeries in Geometrical progreſſion; ſuch as, 2, 4s 8, 16, 32z 
64, &c. the common urg 2. 

The following table will, iy ſome meaſure, illuſtrate theſe 
general obfervations. | 

Note, Column A is a ſeries in arithinetical progreſſion ; the 
Other columns are in Geometrical progreſſion, the common ra- 
tios * 1 3) 4, 52 To. 


C h TABLE, 
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rr oft 27 STALE IRA, 
A. BI c {BD E F 
| 2 1 1 1 I I 
2x: 4 . 
1 3 4 5 10 
1 9 1 25 100 
N 3 8 27 64 125 10000 


5 | 32] 243] 1024 3125] Iooeod| 


664729 4096 5625 I000000 


ä "_—_ i 


= 7 | 128 2187 16384 78125 10000000 


k „ | 
— —— . —.—— — ö 


Now, let it be required to iti 9 by 81, the . will 

be 729. Tal 
The terms in column A, } conglpomilg to the ſaddors, are 
2 and 4; and which being added together, will give 6; oyer 
againſt 6 in column A, is 729, the product in column C, 
Again—Let it be required to divide 78125 by 125, the quot | 
will be 625. 25 the * it may be performed thus: Find the 
numbers 
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numbers in column A, anſwering to 7812 5, the dividend, and . 


to 125 the diviſor (both in column E); ſubtract the leſſer from 
the greater, and over-againſt their difference in column A is 
625 the quotient in column E. I 1 
By extending the foregoing table, many operations, both in 
multiplication and diviſion might be facilitated, provided the 
ſame numbers occur in the table; but as this ſeldom happens, 
the uſe of ſuch a table will be confined to a few inſtances. In 
order, therefore, to extend i its utility, we ſhall ſhew a method 
by which this inconveniency is removed. | 
There was a method formerly in uſe in ; making logarithms: : 
The firſt inventors choſe a ſet of numbers in arithmetical pro- 
greſſion, that ſhould anſwer to a ſet of geometrical ones; (this 
is entirely arbitrary ;) and they choſe the decuple geometrical 
progreſſion as the moſt convenient, correſponding to the arith- 
metical ſeries 1, 2, 3, 4, 5, 6, 7 &c., as the ſimpleſt, whoſe 
common difference is, I. as follows: | 


„ . Arith. progreſſion, or log, % i, „ é © 
Geo. prog. or numbers 1, 10, 1c, 1000, looo. 


Hence it appears, that the logarithm of 1 is o, of 10 is 1, of 
100, is 2, &c.: but ſeveral numbers may be — between 
each of theſe ; for, between 1 and 10 are 2, 3, 4, 5, 6, 7, 8, 93 
to them alſo might indices be adapted, ſuited to each term be- 
| tween t and 10, conſidered in geometrical progreſhon. Like- 
wiſe indices may be found to each term interpoſed between any 
two terms whatever, in geometrical progreſſion. 

It is plain, that the indices to all the numbers under 10 is 
leſs than 1; that is, they are ſo many decimal parts; likewiſe, 
that the indices of numbers between 10 and 100 are 1 of an 


| integer, and ſo many decimal pang . ſo on of numbers 


greater than 100. | 
The integral part is commonly called the index, and the de- 
eimal part the logarithm. 
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But ſince the above method is ſo intolerably laborious, the 
more learned mathematicians have thought of a more compen- 
dious one, by the menſuration of hyperbolic ſpaces, con- 
| tamed between the portions of an aſymptote, and right lines 
r perpendicular to it and the curve of an hyperbola ; but ſuch 
computations depend on principles that require the higher parts 
of Geometry, and cannot, therefore, according to our plan, be 
q introduced here. 


We ſhall ſubjoin the proceſs for ODE the * of 
9% as n from n progreſbion, EY 


r = Ges. 


| Geo. pro. | Log Ti Geo. pro. Leg. 
A 1.00000 | 0.00000 | M 8.99708 ö 95410 | 
3.16228 0.50000 | N | 9.00720 | 0.95459 
B [10.00000| 1.00000 | | | L | 9.01733 | 0-95508 
B [10.00000 1.00000 | M| 8.99708 — 
D 5.62341} 0.75000 1O | 9.002140 95435 
C | 3.16228 0.50000 N | 9.00720 | 0-95459 
_ | 3 | : | ; | 
1B ro. ooo 1.00000 | M} 8.99708 0.95410]. 
JE | 7-49894 | 0.87500 | IP 8.99961 0.95422 
D 5.62341] 0.75000 | O9. 00214 0.95435. 
8 188800 1.00000 | Ts 8.99961 0.95422 
IF | 8.65964 | 0.93750 8 9.00087 o. 95428 
E 7.49894 0.87500 O 9.00214 .95435 
B 1 0.00000 I .COOOO | | ip 8. 99961 ö 0.95422 
G| 9 30572] 0.96875 | R | 9.00024] 425 
F | 8.65904 | 0.93750 | Q 9. 008 0-95428 | 4 
8.65964 | 0.93750 P | 8.99961 | 0.95422 
8.97687 | 0.95312 5 8.99992 0-95424| 
9.30572 | 0.96875 R | 9.00024 | 0-95425 
| 8.97687 0.95312} 8 | 8.99992 ©0-05424 
9.13982 0.96094 T 9.00008 0.95425} - 
9.30572 0 96875 | K 9 00024 | 0:95425, 
8.97687] 0.95312 | 8 | 8.99992 | 0. 05424] 
9.05 798 0.95703 | U 9.00000 | 0.95424 
9.13982] 0.960094 T 9-00008 8 
8.97687 0.95312 | 
9.01733| 0.95508 14 
9.05798 | 0.95703 Ly. | 
- 
8.97687 | 0.95312 1 
8.99708 | 0.9540 I + | 
9-01733 | 995708 | | : 
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Here becauſe the lies between 1=A, and 10.8, find a mean 
proportional C between them, and the logarithm of the ſame, 
is half the ſum of the two laſt logarithms. In like manner, is 
found, a mean proportional D between B and C; likewiſe the 
logarithm of D is half the ſum of the logarithms of B and C; 
ſo in the 18th ſtep of this * the logarithm of 9, is found 
to be o, 954242. 

When the logarithms of prime numbers are thus calculated, 
the buſineſs becomes eaſier; for the logarithms of compoſite 
numbers may be obtained, by adding the logarithms of their 
component parts. Thus, the logarithm of 15 may be found, 
by adding the logarithm of 3 and 5 together; for 34+5=1 5» 
and fo on of any other compoſite number. 

The logarithms of roots are raiſed to any given power, by ; 
multiplying them by the exponent of the power, & wice verſa. 


PROBLEM I. 
To jind the logarithm of any given number from the tables. 


IT is uſual to divide logarithmic table into 10 columns : Inthe 
left hand column, are the natural Nu ers between 100 and 
57 and at the top and bottom are marked, o, I, 2, 37 45 
5, 6, 7, 8, 9. 

If the natural number is leſs than 100, its ts logarithm is found 
in the firft page. If it exceed 100, and 'is leſs than 1000, 
the number is found in the left hand column, marked No. 
and its logarithm is found oppoſite to it in the adjacent column, 
under o; but if 'the number exceed 1000, and is leſs than 
10000, find the three bigheſt figures in the column of num- 
bers, and in the ſame line, titled by the unit at the top, 1s the 
logarithm required. The logarithm of 1786, may be found 


from the tables: thus, in the column No. look for 178, and 


in 


* 


1.66 MR TIE. 2 


in the 170 8 under 6, (che units place at he top) | is 
3-2 5188, the logarithm required. 


Note, In every caſe, the index is leſs by t, than the num 
ber of places ; and, on the contrary, the number of places 
is greater by unity than the index. | 


The logarithms of mixed numbers, are found the ſame as 
if they were integers z but the integer alone determines the i 


dex. 
Decimal fractions have negative - indices, hich; are to be 


added when the logarithms are ſubtracted, and ſubtracted woue 
_ logarithms are added. | Fn] 


PROBLEM II. 
To find the natural number nen to a 5 ven logarithm. 


| LET the given W be 2.7 5976, it is gold to find 
its correſpofiding number. 
Look for the given logarithm, neglecting the index, and 


5 zyainſt it on the margin, you find 5755 and 1 at top, which 


is 575 1; but the index being 2, the integer muſt therefore con- 
ſiſt only of three places; and, by pointing off towards the right 
hand for decimais, the number will be 575. 1. 
It often happens, that the exact logarithm cannot be * | 
in 1 the tables, in which caſe we ike! the neareſt to it. | 


PROBLEM II. 
25 find the ks of tao on numbers by logar; ithms. . 


4 Rule, Add the e of both factors together, and their 
ſum is the logarithm of the product. 


Ex. Re- 


— 3 5 
ng. 4 —_— 
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Ex. Required the product of 15, multiplied by 76. 


The logarithm of 15, is 1. 19609. 
The logarithm of 7o, is 1. 1-845 10. 


The log. of 1050, the 3 3 021 19. 


PROBLEM IV. 


Fo find the. quotient of tuo given numbers by logarithms. 


Rule, From the logarithim of the dividend, ſubtract the 
logarithm of the diviſor, and the remainder 1 is the 9 of 
the quotient. | 


Ex. Required the quotient of 425, divided by 15. 
The log. of 425, is 2.62839. 
The log. of 15, is 1.17609. 


The log. of 28.33, the quotient 1.45230. 


PROBLEM v. 
To find the ſquare, cube, or any higher power of a given number, 
by Wa 


Rule, Multiply the logarithm of the root, by the exponent 
of the power, and the FE is the — of the power 
required. 


Ex. "AE the cube of 12. 


The log. of 12, is 1.07918. 
| 3. 

The log. of 12 217283. 23754. mM 
5 PRo- 


— —— x „ 233 
. 1 R , e < 2s —— 
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PROBLEM VI. 

To extract the ſquare , ok biquadrate, & c. root of a Soak num 
ber by logarithms. | 

Rule, Divide the logarithm of the given number, by the 

exponent of the power, and the quotient will give the loga- 


rithm of the root. 


Ex. Required fie cube root of 1748. 


The logarithm of wes, is 3. 23754, which, 4d divided by 3s 


will quot 1.07918, the ee of 12 2 the root. 


PROBLEM VII | 
Three numbers being given, to find a fourth proportional to them. 
Rule, From the ſum of the logarithms of the ſecond and 


third terms, ſubtract the logarithm of the firſt, and the remain- 
der is the logarithm of the anſwer. 


Ex. If 14 yards cloth, coſt 7 l., who! will 704 ou colt at 
that rate ? 


The log. of 14, is 1.14613 firſt term. 
of 7, is 0.84510 ſecond term. 
of 70.5, * 1.84819 third term. 


2.693 29. ſum of che 2d and 3d ans. 


Log. of 35.25, is 1. 54716. — 5 
or 35 L. 58. 
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PROBLEM VIII. 
To ind a mean proportional bel auen any two numbers by logarithms. 


| Rule, Add the logarithms af the two given numbers together, 
and half their ſum is the logarithm of the mean proportional. 


Ex. Required a mean proportional between 8 and 32. 


The log. of 8, is 0.90309. ( 
The log. of 32, is 1 58575.“ 


for 8: 16 :: 16: 32. 
| 2) 2.40824. -| | 


The log. of 16, the mean prop. 1.20412. 


PROBLEM IX. 


To find the n of the Sine, Tangent, Lacan, VISOR ts F 


uy number of ic. ond and minutes * 


Rule, If the degrees required, be leſs than 45?, ſeek the de- 
' grees on the top, and the minutes in the left hand column 
titled M, in the ſame line under the propoſed name at the top, 
ſtands the fine, _ and ſecant required. If the degrees 
given, exceed 45*, ſeek the degrees at the bottom, and the mi- 
nutes in the right hand column marked M, and the propoſed 
name at the bottom. 


Note, If the 8 at the top and the minutes in the left 

hand column, be added to the degrees at the bottom and 
minutes in the right hand column, the ſum will be 90˙. 
Hence they are complements of each other. 


TRIGO- 


Pe ED — — — 
TRIGONOMETRY. 


* 


Pl. ANE Trigonometry is that part of Geometry, which teach- 


es how to meaſure the ſides and angles of plane triangles. It 


is divided into right-angled and oblique-angled trigonometry. 
The circumference of any. circle, is divided into 360 equal 
parts, called degrees, and each degree into 60 equal parts, cal- 
led minutes, and each minute into 60 equal parts, called ſe- 
conds, and ſo on. 7. i 


Note, Degrees are frequently marked e, and minutes“. Thus, 
30 degrees, 14 minutes, are marked 30“, 14“. 


A ſemi- circle contains 180, and a quarter of a circle or 


quadrant, 90%. Thus the arch ABD, is 180*, and BD is go®, 


= 


_— - 


DEFINITIONS. 


— 


1. THE complement of an arch, is what it wants of go', 
or of a quadrant. Thus, the complement of the arch ED, is EB. 
See fig. 50. Plate 3. N 

5 Ws D 2 . 
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2. The ſupplement of an arch, is what it wants of a ſemi-cir- 
cle, Thus the ſupplement of the arch ED, is EBA. | 


Note, An arch and an angle meaſure each other. 


3- A line drawn through one extremity of an arch per- 
pendicular upon the diameter paſſing through the other extre- 
mity, is called the fine of that arch. Thus, EH is the fine of 
the arch ED, or of the _ ECD.. 


4. The ſegment of the diameter intercepted between the ſine 
and extremity of an arch, is called the verſed ſine of that arch. 
Thus, HD is the verſed fine of the arch ED, or of the angle 
ECD. | 


5. A ſtraight line paſſing through D, one extremity of an 
arch, and meeting the diameter produced through E, the other 
extremity, is called the tangent of the arch. Thus, GD is the 
. angent of the arch ED, or of the angle ECD. 


6. A ſtraight line drawn from the centre, through one extre- 
mity of an arch, meeting the tangent drawn through the other 
extremity, is called the ſecant of that arch. Thus, CG is the 
ſecant of the arch ED, or of the angle GCD. 


Corollary 1. The ſine, tangent and ſecant of any arch, 3s the E 
fine, tangent, or ſecant of its ſupplement. 


BK is the tangent, CK the ſecant, and EL the ſine of 
the arch BE, according to definitions 3, 5, and 6, but BE is 
the complement of the arch ED ; therefore LE, BK and CK, 
are the ſine complement, tangent complement, and ſecant com- 
plement of the arch ED. But for brevity's ſake, they are cal- 

led the co- ſine, co-tangent, and co-ſecant of the arch ED, or of 


the an * ECD. 
Corol. 
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Corol. 2. Since the triangle CEH and GCD are nt 
CH: CD (SCE): : CE: CG. Hence, 


In words, The radius is a mean proportional between the 
co- ſine and ſecant oſ any arch. | 


Coral. 3. Becauſe the triangles BRC, GCD are ſimilar, 
GD: DC (SCB) :: CB: BK. Hence, 


In words, The radius is a mean proportional between the 
tangent and co-tangent of any arch. 


Note, The leaſt poſſible ſecant, the tangent of 455, and the 


fine of 90“, are each of them equal to the radius. 


In every triangle, there are fix things to be conſidered, viz. 
three ſides and three angles. | 

All the angles in a triangle, are together equal to two right 
angles, or 180. If, therefore, two angles of a triangle are 
given, the third is alſo given, for it is found, by ſubtracting 
the ſum of the other two from 180®. 

When one angle of a triangle is given, the ſum of the other 
two may be found, by ſubtracting the given angle from 
130%: © - 5 Mg 

When one angle of a triangle is a right-angle, the other (wo 
are acute, and are together equal to one right-angle, and con- 
ſequently are complements of each other. | 


PROPO- 


* TRIGONOMETRY. 


PROPOSITION. 


IN any right angled plane triangle, if the hypothenuſe be 
made radius, the legs become the fines of the oppoſite angles : but if 
either of the legs be made radius, the other leg becomes the tangent 
of the oppyfite angle, and the hypothenuſe becomes the ſecant of the 
fame angle. Fig. 51. plate 3. | 


LET ABC be a right angled triangle, if the hypothenuſe BC 
be made radius, the fide AC will be the fine of the oppoſite 
angle ABC; and if either fide, BA be made radius, the other 
leg AC will be the tangent of the oppoſite angle ABC, and 
the hypothenuſe BC, the ſecant of the ſame angle. 

With the centre B, and radii BC, BA, deſcribe two arches 
CD, EA, meeting BC, BA in E and D. Since CAB is a right 
angle, BC being radfus, AC is the ſine of the angle ABC, by 
definition 2, and BA being radius, AC is the tangent, and. 
BC the ſecant of the angle ABC, by def. 5, 6 

Since circles are to one another as their radii, ſimilar arches 
of the ſame circles will be in the ſame proportion; therefore, 
the fines, tangents, and ſecants of ſimilar arches, that is, of 
equal angles, are as their radi z conſequently, the tabular radius 
is to the tabular fine, tangent or ſecant of either of the acute 
angles of a right angled triangle, as the radius of the given 
triangle, is to the ſine, tangent or ſecant, in the ſame triangle, 

And, becauſe any one of the three ſides may be called the 
radius, any of the ſides required, may be obtained by * 

analogies or varieties. 


| N. B. All the varieties which can occur in the ſolution of 
right angled triangles, ny be comprehended under two 


problems. 
Firſt, 


. TRIGONOMETRY. — 


_ When all the angles and one fide are given, to find the 


other two ſides. 
24, When two ſides and the right angle are given, to find 
two acute angles and the third fide. 


We come now more fully to ſhew how each of theſe pro- 
blems are ſolved by logarithms. 
PROBLEM I. 


CasE I. De angles and one of the les given, to find hs hypsthe- 
nuſe and the other leg. Plate 3. fig. 43. 


Ex. 1. In the triangle ABC, right-angled at B, fangs AW 


320 equal parts, as feet, yards, miles; &c., and the angle at 
A 30? 40”, (and conſequently the angle at c 59 20”) Required 
the 845 BC, AC. 


1 . making AB rad. BC berowes the tape and 
AC the ſecant of angle A. 3 ariſe the VIEW Br 
portions : 


To find BC. To find AC. 


ra lius 92 o - = 10.00000 | As rad. go? - - 10.00000 

is to AB 300 - 2.47712 is to AB 300 — 2.47712 
Sotang. ang. A 3040“ 9.77303 So ſec. A 30 40' 10. 06643 
To BC 1779.9 - - 2-23015 | To AC 348.8 - - 2.54255 


Variety 2. making BC rad. BA becomes the tangent, and 
AC the ſecant of the angle at C. 3 the n pro- 
portions: 


Variety 


<< 


. ˙ no mtr dint ar fit hens entree nent 4 
. 7 s _ ES 
2 
> 


= 
5 
ach „ ———ůů —„— — 
— 4 — * — 
- 


To BC 177.9 2.25015 
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To find BC. 
As tang. ang. C 59 200 10. 22697 


is to AB 300 2.47712 


So rad. go? - - 10.00000 


To find AC. 


As tan. C 59? 20' - 10. 22697 
is to AB 300 — 2.47712 
So ſec. C 59? 20' 10. 29239 


12.769 51 | 


| To AC 348.8 - - 2.54254 


Variety 3- Making AC rad. BC becomes the fine of angle A, 
and AB ſine angle C. Hence the following proportions. 


To find BC. 


As ſine C 59 20' - 9.93457 


is to AB, 300, 2.47712 
So fine A 30 40 9.70761 


12. 18473 
To BC 177-9 - 2.25016 


To find AC. 


As fine C 50 20 9.93457 
is to AB Joo - 2.47712 
So is rad 90? = = 10.00000 


To AC 348.8 — =- 2.54255 
. 


Ex. 2. In the right angled triangle ABC, right angled at B, 


ſuppoſe BC 4876 equal parts, angle A 53 3, and angle C 


36* 57”. Required AB; AC. 


Fig 52. plate 4. 


Conſtruction. Draw AB, upon B erect the perpendicular BC 


parts. 


Variety 1. Making AB rad. BC beeomes the tangent, and 
AC the ſecant of angle A. Hence ariſe the following propor- 


tions. 


To find AB. 


As tan. ang. A 53*3' 10. 12467 | As tan. A 53* 3' - 10.12367 


to BC 4876 - 3.68806. 
So rad. go = = = 10-00000 


To AB 3668] «= 3-56439 


4876, and at C draw CA, nnn an angle of 36“ 57 with BC; 
then ſhall angle A be 53˙ 3 » AB 3668, and AC 6101 equal 


To find AC. 


to BC 4876 - 3.68806 
So ſec. A 530 2 —1⸗.22104 


13. 99 10 
| To AC 6101 =- = 3.78543 


Variety 


4 

7 

45, 

1 2 

3 

RY 

W 

s if 
BE 

FS 

1 , 
” 

* 
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| Variety 2. Making BC rad. AB becomes the tangent, and 
AC the ſecant of angle C. Hence ariſe the following propor- 
tions. 


To find 4 AB. To find AC. 
As rad. 9 = - T0.00000 | As rad. go? - - 10.00000 


Is to BC 4876, 3. .68806 | Is to BC 4876, 3.68806 
So tan. C 36* 57 - 9- 87633 80 ſec. 0 365 * 10.0977 


To AB 3668 - - 3.56439 | To AC G = 3-78543 


Variety 3. Making AC rad. AB becomes the fine of the 
angle at C, and BC the fine of the angle at A. Whence ariſe 
the following proportions: 

To find AB. Io ſind Ac. 

As fine A 53 3 - 9.90263 | As ſine A 53æ 4 9.90263 


Is to BC 4876, 3.68806 1s to BC 4876 - 3-68806 
| So fine C 36? 57” - 9.77896 | So is rad. 90⁵ 10. oo 


. ; | 13.4670 To AC 610.1 — 3.78543 
Io AB 3668 - - 3.56439 T2 | | . 


The angles and the hypothenuſe being given to find the begs. 


In the triangle ABC, right angled at B. ſuppoſe AC 568 ex. 
BS qual parts, angle A 39* 14“, and angle C 50 46. Required 
= AB, BC. Rx. 44. Plate 3. 


Variety 1. Making AB radius, BC becomes the tangent, 
and AC - Wha ſecant of A. Whence the following proportions. 


S0 is tan. A 397 14 9.91198 


As ſec, C50 46' - 10. 19695 
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To find BG. 


As ſec. A 3914 10. 11094 
Is to AC 568, —— 2.75435 


| 12.666233 4 


To BC 359.2 - -- 2.55539 


To fad AB. 


As ſec. A 39? 14' - 10.11094 
Is to AC 568 - - 2.75435 
So is rad. 90 - \10.00000 


To AB 440 4 2.64 341 


Variety 2. Making BC rad. AB becomes the tangent, and 


AG the ſecant of the angle C. 


tions. 
To find BC. 


is to AC 568 — 2.75435 
So is rad. go - 2000000 


To PC 359-2 = 


Variety 3. Making AC rad. BC becomes the ſine of angle | g 
A, and AB the fine of the ang at C. Whence the following 
_ proportions» f | 


To find BC. 


As rad go? = = 10:00000 
is to AC 568 - 2.75435 


So is fine A 390 14“ 980105 


2.55540 


Whence the * propor- 


To find AB. 


As ſec. C 50 46 10. 19895 


is to AC 568 — 2.75435 
90 is tan. C 50? 46 10. 08802 


12.844237 


To AB 440 — 


2•64342 


To find AB. 


As rad. go? - = 7o-0000 
is to AC 68 — 2.75435 
So is fine C 50 46, 9.88906 


| To BC 359-2 CD 2-55540 | To AB 440 — =- 264341 


PROBLEM II. 


Two fides and the right angle given, to find the acute angles, and 
4 the third fide. Fig. 46. plate 3. 


In the triangle ABC, right angled at &, ſuppoſe the hypothe- , 


nuſe AC 150, and the leg. CB 
and C and the leg. BA. 


69. Required the angles A 5 


Variety 


Fariety . Making AC rad. then BC becomes the fine of the 
| angle at A. Whence, the following proportion. | 


To find angle A. To find angle C. 


* As AC 150 - 2.17609 | Since the two angles of a right 
is to rad. 907 10-00000- | angled triangle, are comple- 
So BG 6g - = 1-83885 | ments of each other, angle C 
. | may be found, (by ſubtracting 
Fo fine A 27 23* 9.66276 | angle A=27* 230“ from 90?,) to 

| be 625 * | 


n 2. Making BC rad. then AC: becomes the ſecant of 
the angle at C. Whence the following proportion. 


Te find angle C. To find angle A. 


As BS h - - 1-83885 | If from 90 you ſubtract 62? 
is to radius go? 10.00000 | 27', the remainder. 27? 23 will 


N N So is AC 150 = 2.17609; give angle A. 
2 To ſec. C. 620 37 10 33724 | 
1 
Now there are __ three varieties to find AB. 

| Parity Ks making AB * to find AB. 
o 
: To find AB. | To find AB. 
0 | As ſec. A, 2) 23' 10.05161 | Astang. ang. A 27 23“ 9171431. 
js is to AC 150 - 2.17609 is to BC 69. - =. 1.83885 - 
% 80 is rad. go = 10.00000 | So is rad. Yo - = 10.00000 

| | To AB 133-2 - 2.12446 | To AB 133-2 . - 212454 
ld 1 F 2 | To 
"a * When an angle is required, the length of a line is made the firſt + | 
A third terms, alſo a ſide that is neither given nor required, cannot be admitted 


f into the Ns or made Pains. | | : — 


Variety 2. —__ BC rad. to find AB. 
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45 
To find AB. 
As rad. go ©» 10-00500 
to BC 69 — 1.83885 


So tan. C 625 37 - 10. 28569 


To AB 133.2 - 2.12454 


———— — 


To find AB. 


As ſec. C62 37 10. 33730 
to AC 150 - - 2.17609 
So tan. C 62 37 - 10. 28569 


; 


12.4618 


To AB 133-2 - 2.12448 


1 3. Making. AC rad. to find AB. 


To find AB. 
As rad. go = 10.00000 
to AC 150 2.17609 | 


So line ang. C 62? 37 9 94839 


To AB 133-2 - 


- 2.12448 | 


To find AB. 


| As fine A 27* 23˙ - 9. 0 3 


to BC 6g = 1.83885 2 
30 Sine C 9625 37 9 94839 


11.78724 


To AB 133 2 2.12454 ; 


' OBLIQUE ANGLED TRIGONOMETRY. 


i 


| Tun ſolution of all dune triangles; may * deduced from 
| the three following theorems. 


TRHEOREM I. 


| th any plane triangle, the ſides * the ſame proportion, a the, 


fines of the oppsjite angles. Fig. 53. plate 4. 


Dem. From the angles A and B, draw BE and AD perpen- 
dicular, to the oppoſite ſides, BC and AC produced if neceſ- 
| ſdry. Becauſe the triangles ADB, AEB, are right angled 
triangles, the fide AD becomes the fine of the angle ABD, and 
BE the fine of the angle BAE; if AB the hypothenuſe, com- 
mon to both the triangles, be made the radius; but the two 
triangles ADC, BEC, have each a right angle at D and E, 
likewiſe the common angle ACB, therefore, they are ſimilar, 
and conſequently, BC is to CA, as BE is to AD; thatis, the 
Hides are in the ſame proportion as the fines of the oppoſite 

angles, | 


Tuso- 


_— 
* 


8 


r 34 — — <a rar 
* g . 
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Tarxontet II. 


In any plane ti angle, the ſum of any ta fides is to their difference > 


as the tangent of half the ſum of the angles at the- 985 is to the 
tangent of hal, * their difference. Fig 54- plate 4- 


Dem. Lær ABC' be a plane triangle, AB+BC: AB—BC 2: 
fan. ang- A+Ang. C: tan. ang. C—ang. A, upon A as cen- 


14 | 2 1 


tre with AB the longeſt ſide for a radius, deſcribe a circle, 
meeting AC produced in E and F; produce BC to D, join DA, 
FB, EB, and draw FG parallel to BC, meeting EB in G. 


The angle EAB is equal to the ſum of the angles at the baſe, 
and the angle EA; at the centre is double the angle EFB at the 
cixcumference, therefore, EFB is half the ſum of the angles 
at the baſe; but the angle AC, is equal to the angles CAD, 

and ADC, or ABC together, therefore, FAD is the difference 


of the angles at the baſe, and FB is half that difference, but 


FBD is ecpal to the alternate angle BFG; ſince the angle FBE. 
in a ſemi-arcle, is a right angle, FB being radius, BE, BG 
xl] be taygents of the angles EFB, BTO; but it is plain, that 
EC is the ſum of the ſides, BA and AC, alſo that CF is their. 
difference; and ſince EG and BC are parallel, EC: CF as EB: 
BG, that is, the ſum of the ſides is to their difference: as the 
tangent of half the ſum of the angles at the A is to the tan= 
gent of half their difference. 


= 
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THEOREM III. 


T. @ plane triangle, the baſe is to the ſum of the ſides, as the 

difference of the fades, is to the difference of the ſegments of the 
baſe, made by the perpendicular upon” at Fn the uertex. Fige 
55: plate 4. 


Lr ABC be a plane triangle, if from B the vertex a perpen- 
dicular BD be dropped on the baſe, AC: AB+BC : : BC—AB: 
DC—AD. Upon B as centre with BC, the greater fide for a 
radius, deſcribe a circle meeting BA and Ca, produced in F 
and E. Tt is manifeſt, that AF is the difference of the ſides, 
and that EA is the difference of the ſegments of the baſe, for 
ED and DC are equal, and AG is the ſum of AB and BC; but, 
becauſe FG and EC cut each other within a circle in the point 
A, the rectangle contained by the ſegments of the one, is e- 
qual to the rectangle contained by the ſegments of the other, 
that is, FAXAG=EAXAC, and by Euclid vi. 16 AC: 
AG: FA: EA. * Wherefore, in any * triangle, the baſe 
is to, &c. | > 


Note, The ſum and difference of two va being given, 
to find each of them. 


Rule To half the ſum, add half the difference, the ſum will be 
the greater, and from half the fu, ſubtract half the n 
the remainder will be the leſs. | 


"In plane triangles may be sven 


The chene 1 and one ſide. 

Two fides and the angle oppoſite to one of them | to find the 
J wo ſides and theangle contained between them. ¶ other parts. 

The three ſides. T 


PRO- 
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PROBLEM J. 


The angles and one fide given, to find the tavo 3 Adio. 
Flate 3. fig. 47. 


5 Ang 5 Req. AC and . 
Ex. 1. Given 4 A 59 


AB 276. 5 180—52* 15+59 6845 San. B. 


To find ac. | To find BC, 
As fine ang. C2 15' 9.89801 


is to A B 276.5 - 2.44170 
Zo is line an. B68? 45' 9.96942 | 


As fine ang. C 52% 15 9.89801 
is to AB 296-5 = 2.44170 
So is line ang. A 59” 993307 


ö 


| 12.41112- ” . 12.37477 
To AC 325.9 = = 2:51311 To BC 299.8 - < 2.47676 


EXAMPLE 2. er 4. Fg: $6 


AB=2600 Req- AC BC. 
Given q Ang. A4) 30 


Ang. G41 180-47 30+41* 15'=g1* 15 ag. 
To find AC. 

As fine ang. C 41 15 9.81911 

is to AB 2600 3.41497 

* So is fine ang. B 9115 9 99999 

| 13.41487 

To AC 3942 359576 


To 


The fine, tangent, ſecant, &c. of any arch, is the fine, 
tangent, ſecant, &c. of its ſupplement. Hence the fine of 
91 15“ may be obtained thus, 180*—91* 15'=88* 45 =the 
fupplement of 9115. 


>. 
H n £2 * | ; . $ 41 
* w % # * þ * £ N 2 * K 


244A 1 
To find BC. 

As ſine ang. C 41 Is 9.81911 
1s to AB 2600 - 3· 41497 

80 1 18 ne _ A 47 30˙ 9. 86763 
+ 13.28260 

To BC 2 | 3.46349 

PROBLEM II. 


Two Ades and the angle oppoſe te to one of them being given, to find 
the _ angles and the third fode, * ig. 48. prone 9. % % 


AB 26 


Ex. Given 76 - 39 42 55 ang. A, alla; 0 and BC. 


ang. B 915 15 


180 —ang. une N A 47 30. 


| To find angle C. 


As AC 39.42 - 1.59572 


is to ſine ang. 95 15 9. 99990 
80 is AB 20 - 1.41497 


1141487 | 


To fine C 4115“ 9.81915 


To find BO. 


| As ſine ang. C41 15 1 | 
is to AB 26. —— 1.41497 


| 11.28260 
To BC 29.07 — 1.46349 


PROBLEM II. 


Tavo fides and the angle contained being given, to find the remaining 
angles, and the third fide. Fig. 49. plate 3. 


AC - 60 


By Given 9 - 50 | Req. ang. A, ang. B. and AB. 


ang. C 45 


G 1 To 


rad 
* 


* . 300 9.86763 
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To find the angles. To find + ſum ang. A & ang. B. 
As AC BC 110 - 2.041398 180 
to AC—BC, 10 - - - 1.00000 45 
Soistan. ang R. Tang. A. 67 30 10. 38278 — 
| ; GLAM F 
To tang. ang. B—ang. A 12® 23 9.34139 675 . fam. 
2 


To ſum - - - - 67 30 | Now the greater 

Add 2 difference - - =- 1327 23“ | angle is ſubtended 

i 8 | by the greater ſide ; 

The greater 79 52' | therefore, angle B 

5 | l oppoſite 60, will be 

| From + ſum - - 67 3o' | 79© 53), and angle 
Subtract = difference - - - 12 23'| A g5* 7 


The leſs - = A - = 6 98 53 7 | 


To find AB. | 2 
As fine ang. A 55* 7 9.91398 
is to BC 5@ - - 1.69897 
So ſine ang. C 45* - 9.84948 
11.54845 
Io AB 43.1 1.63447. 


| = EXAMPLE II. Fig. 56. plate 4. 


T8 AB r | | 
Given 00 200 Required angles A, C, and AC. 
ang. B 69* 


To 
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To find the ſum of ang. / A & C. | To find the angles A and C, 


180? IXS CBA 380 - - 2» 57978 

69 | | is to CBG—- AB 20 - 1.30103 

X So istan. ang. A C55 30“ 10.16287 

2), 11 ſum | Oe — 

half ſum. of x1,46390 

55 2 'A — = Is to tan ang- ACA 23“ 8.88412 

1 | 

To find AC To find AC. 

To + the ſum - 55* 3o' As fine A 592 53 9.93702 


Add = the dif. 1 4 23 is to BC 200 2. 30 103 


The greater - 59* 53 


From 2 the ſum 55 


oe. is ſine B 69% 9.97015 


12-27118 
To AC 215.9 —_— 1 


Take + the diff. 423“ 


The leſs, 5 51 


| PROBLEM IV. 


The three des of any ele being given, to fd the angles 


AB 100 
AC 60 


Fig. 57. plate 3. 


Ex. 1. Given Joc = Required = the angles. 
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ben: AC4BC: :: BC—AC: BD—AD 


160 + 140: 28 


In all caſes of this kind, the 12 To : 2 the baſe 50 
greater ſegment is Fhacent Add æ difference - 14 


to the greater ſide, and vice | a . 
ver ſa. The greater ſeg. 64 
From æ the baſe, © 50 
Take 3 diff, - 14 
RT | 
I The leſſer ſeg, = 36 
To find angle 3 Io find angle B 
As AD 36 - - 1-55630 | As BD 64 - 1.80618 
is to rad go? - 10.00000 | is to rad. go - 10.00000 


So is AC 60 1.77815 So is BC 00 . 9030p 


— — — 


To ſec. ang A 53* 8' 10.22185 | Toſec. * 8 365 527 10. 09691 


Angle C may be PETR. thus : From 180, ſubtract hs ſum of 
angles A and B, the remainder will give angle C. Or add the 
complements of the angles A and B together, and the ſum i is 
angle C. 


The preced ng e is frequent 3 a6 10 the fol- 
| 3 Rule. 


Add the three ſides a and, from half the ſum, ſub- 
tract the ſides ſeverally ; then add the complements of the loga- 
rithms of the half ſum, and of the difference between the half 
ſum, and the fide oppoſite to the angle ſought, to the loga- 
rithms of the differences of the two other ſides and half ſum ; 
and half their ſum will be the tangent of half the angle re- 


quired. Thus, let angle A be required. 


ee rr 2 TRIGONOMETRY. © | ay 
e | 2 ; — F 
; * 4 
4 60 | . 7 
100 £ H. | 
ſum) 240 4 
4 ſum 120 


| half ſum 120 Cuiapleciibjt  7-92082 
| the dif. bet. 80 & 120 40 Complement 8.39794 


| 6% Log, - 77815 
the other differences f cc Log. - - 1.30103 


2119-39794 


Tangent of 26? 34 9.69897 
0 


— 


53 8“ The angle CAB. 


The angles BC may be found by problem 1. of . 
angled trigonometry. 


We come now to the — of 3 to the 


menſuration of heights and ——— 


Py 


MENSU- 


MENSURATION OF HEIGHTS AND 
DISTANCES. 


1 Thr inſtruments commonly made uſe of in meaſuring 
heights and diſtances, are the Geometrical Quadrant, the 
Theodolite and the Geometrical ſquare. | 
Fhe Geometrical quadrant is uſed for inveſtigating vertical 
angles; whether they be angie of * altitude, or angles of de- 
2 
The Theodolite ſerves for meaſuring Rn on a horizontal 
plane, or on an inclined plane. | 
A vertical plane, is that which is at right angles with the 
horizon. A horizontal plane, is that which is parallel to the 
horizon. Fj FA et, | | 
The Geometrical quadrant, is the fourth part of a circle, and 
is divided into go, to which two fights are adapted, and a 
plumb line ſuſpended from the centre; it is commonly made 


of braſs or Weed. Fig. 1. Plate 4. 
The 


* N. B. When the object! is higher than the meaſurer's eye, it is ſaid to ſub» 
tend an angle of elevation, but when lower, an angle of * | 
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The Theodolite is a ſemi-circle divided into 1 $0?, with an 
index which turns about on its centre, and retains any ſitua- 
tion given it, on which are two ſights; called the moveable 
| fights; there are alſo two other ſights fixed on the diameter of 
the theodolite, which are called the fixed fights. Fig. 2. plate 4. 
Sights are ſmall pieces of wood or braſs, having ſmall holes 
or ſlits in them, to view the object through ; They are fixed 
perpendicular to the plane of the theodolite, but parallel to 
the plane of the quadrant. 

The geometrical ſquare may be made - braſs, wood, or 
any ſolid body, having equal ſides and angles; from one of the 
angles, a thread is ſuſpended, with a ſmall weight at the end, 
ſo as to point always to the centre. The two ſides oppoſite to 
the centre of ſuſpenſion, are divided each of them into 100 e- 
qual parts; there is alſo an index, which, (when occaſion 
ſerves), may be fixed to the centre of ſuſpenſion, and is made 
ſo as to turn round, and retain any fituation z on this index, are 
two ſights. See fig. 3. plate 4- | 
Heights and diſtances are of two kinds, viz. acceſſible and 
inacceſſible : acceſſible objects are houſes, growing trees, &c. 
inacceſſible ones are. all mountains, celeſtial bodies, alſo 
houſes and trees, in certain ſituations. | 


PROBLEM I. See Plate 4. fig: 58. 
To meaſu re acceſſible heights. 
 EXAMPLET. | 


Let AB be a horizontal plane and BC a tower, whoſe height 
is required : From B, the foot of the tower, meaſure any con- 
venient diſtance, 80 feet upon the horizontal plane AB. Suppoſe 
the tower to ſubtend an angle of 39 O49 from A. What is its 


height | ? n 
"0 


Shea 


Po 


— 22 —— I Ie 
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As cofine ang. elev. 395 44 9.88542 
Is to rad. 90 . 1.90 30g 
So is ſine ang elev. 39" 49 fa 9.80641 


. 11 ogg 
To the height of the tower * = TI. $2408 


EXAMPLE IL 


A tower, ſurrounded by a ditch 40 feet 8 : from 
the other fide of the ditch, the tower ſubtends an angle 
of 53* 13'. Required the height of the tower, alſo the length 


of a ladder ſufficient to ſcale the tower. See fig. 58. plate 4. 


To find the height of the tower. Tofind the len gth of the ladder. 


As radius - 90.10000 | As radius go? - 10.0000. 


is to the breadth of is to the br. of ditch 40 1.60206 
the ditch 40 - 1.60206 | So is ſec. elev. 53 13'10.22256 
So is tan. el. 53* 13, 10.12631 | 


| To ladder 66.78 = 1.82462 
To the height of the | 
tower 33.85 21.728637 


EXAMPLE III. Plate 4. fig. 59. 


From the top of a ſhip-maſt 100 feet above the level of the 
water, I took an angle of depreſſion of another ſhip's hull, 
74* 150; required the diſtance of * other ſhip. | 


As radius | 8 10. oo 
Is to the height of the maſt 1ooo - 2.00000 » 
So is tang. depreſſion 74 15' - - 10.4971 


To the diſt. 3546 . 2.549 rod mot 
WOE" „ n 
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PROBLEM II. 
E meaſure inacceſſible heights and diflances. 
EXAMPLE I. Plate 4. PR 60. 


At the foot of a hill, I took an angle of elevation of its top, 
and found it to be 50* 42'. I then meaſured back 120 yards 
on the horizontal plane, and obſerved the angle to be 40® 12'. 
Required the perpendicular height of the hill. | 


VN. B. When any ſide AB of the triangle ADB is produced, | 
the exterior angle DBC is equal to both the interior and op- 


polite * DAB, ADB; therefore the angle ADB will 
be 10? 30ʃ 


To find BD. To find DC the height. 


As fine ADB=10*30' 9.26063 | As rad. go = 10.00000 
is to AB 120 2.07918 is to BD 428 - 2.62839 
80 is fine an. A 40*12' 9.80987 | So is fine DBC 50? "= 9-88865 


1 5 | 11.8890; | To the height 328.9 2.5 1704 
To BD 425 2.628422 : 


EXAMPLE II. Plate 4. fig. 67. 


I obſerved an object on the other fide of a river, on a level 
with the place where I ſtood; behind me was a regular decli- 
vity, which I might reckon a ſtraight line. I marked my ſta- 
tion by the fide of the river, and meaſured back 170 yards, 
when I obſerved I was higher than the object. I took the 
angle of depreſſion of the mark by the river ſide 42* 18', of the 

2 H bottom 
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bottom of che object 72% 8', and of its top 79"'2 20'. Requir- 
ed the height and diſtance of the object. . 3 ad 


Here, becauſe the angle ABC is 42* 18' the angle BAC is 47 42; 
conſequently, its ſupplement, the angle BAD will be 132* 18. 
And fince all the angles of a triangle are equal to two right 

angles, and that the angle DBA is 29? 50', the remaining 

angle BDA will be 17 52' Again, the angle CDE is a 

right angle, of which the angle BDC is a part; therefore, 

the angle BDE is 72? 8', and the angle at E 101 40“; alſo 
_ angle DBE will be 6 12 


To find the diſt. of the object. Y To find BD. 


As fine ADB17* 5 9.48686 As fine BDA 17 52“ 9. 48686 
is to AB 170 - 2.23045 is to AB 10 - 2.23045 
So ĩs fineABD 290 500 9.69677 — 18" 9.86902 


| 


7 op 11.92722 |  12.09947 
To the dit. 275-7 2.44036 To BD 409-8 - 2.61204 


To find the height of the objeft. | 


As fine ang. E 101* 40 9.990993 
is to BD 409.8 -— 2.61257 
80 fine DBE 6* 127 - 9.03342 


| 11.645099 
To the height 45,19 =" 65506 


EXAMPLE III. Plate 5: fig. 1. 


Being on a horizontal plane, I took the angle of elevation of 
the ſummit of a hill, and of the top of a tower built upon it, 
and found them to be 48* 20“ and 61* 25'. I then meaſured 
back 150 yards, and found the angle ſubtended by the height 
of the tower above the plane to be 5 19. Required the 

height of the tower. 
The 


„ ar Ape eB a 
* 


The exterior angle CBD, is equal to both the interior and 
oppoſite angles, CAB, AcB; but CAB is 3800 19“; therefore, 


 ACB will be 235 &: and ſince all the angles of a 1 are 


equal to two right angles, angle ABC will be 118 350. Or it is 


the ſupplement ; of the angle CBD; alſo angle B BCD 1 is 285 3 5 3 


and CEB will be 1380 200 


To find BC. | . 1 find Fo tower's height. 


As fine an. ACB 23*6' 9.59366 As fine CEB 138 O20 9.82269 


is to AB - 150, 2.17609 is to BC 237 = 2.37475 
So is ſine an. * 9.79240 Soisfine CBE 13 59.3548 


nn 


 11.96849 | : | 11. 72986 


To BC 237 2.37483 | To the heighs of the 


| tower 80.7 =- _ 1 90687: * = 
EXAMPLE IV. Plate 5. fig 2 

From a window on a level with the bottom of 2a ſteeple, I 

took the angle of elvation of the top of the ſteeple 50e from 


another window, 20 feet perpendicular above the former, I 
took another angle of the top of the ſteeple 4 5* 15” Required 


the height and diſtance of the ſteeple. 


Becauſe the angle ACD is a right angle, of which the angle 
SCD= pos is a part, the angle SCA will be 340%, conſequently, 
the alternate angle CSD will alſo be 40% And ſince the angle 
SAB is 45 157, and the angle, BAD a right angle : therefore, 
the whole * SAC 135 157, and the angle ASC 4* 450 


T0 fd cs.  Tolfindthelicightofthieſſceple. 
As fine ASC 45 45' 8.91807 | As fec. ang. SC Dye 10. 19193 
is to AC 20 1.30103 is to SC 170 = 2.23045 
80 in ned AC 135 15˙9.84758 pot is tan. SCD 50 10. 07619 
| 11. 14861 — | 12. 30664 
To cs 170 2.23054 To the „ belcht SD 
130.2 feet.. an 


H 3 ”. > 
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- To bas dhe diftunce'of the ſteeple; | 
As co-ſecant SCD 50 10.119575 
is to 8C 110 2.23045 
do 1s co- tan. SCD 5o? 9.92381 


, 1 2.15426 
To the diſt. of an 
the 1 * TY 7 a 


EXAMPLE v. Plate g. fig. 3. 

HERE the top of a tree 70 feet high, I took the angle of de- 

| preſſion of two other trees, lying directly in a ſtraight line from 

me, and on the ſame horizontal plane with the tree on which 

I then ſtood, viz. that of the nearer 36*, and of the other, 

55? 30'. Required their diſtance from the tree from which the 
obſervation v was taken, and from one another. 


fo find the diſt. of the nearer. To find the diſt of the other. 
þ As radius go - 10.00000 Asad. go < 10.00000 
i | to height of tree 70 1.84510 | is to height of tree e 1.84510 
th So is tan. dep. 36* 9.86120 Soistan.2.depr.55*30'10-16287 


— . — 


N To the diſt. 50.86 1.70636 Irs the diſt: 101.9 2.00797 


The diſtance of the fartheſt 7 101.9 feet. 
The diftance of the nearer . - 50.86 feet. 
Their iſtances from one another _ $1.04 feet. 


EXAMPLE VI. Plate p. fg. 4. 

Wanting to know the diſtance between a houſe and a tree, 
the tree being on the other ſide of a river; I took my firſt ſta- 
tion at the houſe, and marked my ſecond at B; the angle ſub- 
tended by the diſtance between my ſeeond ſtation, and the tree 

is 60. I then meaſured the diſtance between my firſt and ſe- 
cond ſtations, 380 yards, and found the angle ſubtended by 
the houſe and tree to be 430. * the diſtance between 


| the houſe and the tree. 
Ag 


* 
. 
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Ab tine ws le D 79* 9.98872 | 


tis to AB 380 2.57978 
To ſine ang. B 43* 9.83378 
12.41 3 56 


| To the diſtance 266 2.42484 
"EXAMPLE VII. Plate 5. fig. 3. | 

i wiſhed to know the diſtance between a kirk and a mill, 
which were upon the other ſide of a river, I chooſe two ſta- 
tions, A and B, diſtant 400 links, and found the angles MAK 
40; KAB 64* 25', and ABM 56* 15', MBK zoo &. Re- 
quired the diſtance between K the Kirk, and M the Mill. 


In the triangle AKB to find AK. 


40? _ MACK _ As ſine ang. AKB 9* i2” 9.20380 
64" 25 KAB is to AB 400 - = 2.60206 
So is line ang. ABK 106* 237 9.98208 


104 25 ang. MAB. 


zo 8 MBE To AK 2400 += 
56 15 ABM + STM 


x06 23 ang- ABK. In the triangle AMR to find AM. 


1 2. 58406 
3.38026 


1 


104 25 MAB As fine ang. AMB 19* 2/ 9.5 1991 
56 15 ABM is to AB 400 - 2.602060 
— So is line ang. MBA 56* 15' 9.91985 

160 40 | OS | G 

180 00 | | | 3 12.552191 

Io AM 1005 5 3.0020 

19 20 ang. AMB E | : 


106 23, ABR | 
Ea 25 KAB 


170 48 
180 00 


9 12 ang. AKB. 


74 MMENSURATION O Ee. 
In the triangle AKM, to find the angles AMK, MKA. 


As AKR+AM 3405 __  3-53212 | to 2: ſum 70 oo, 
is to AK — AM 1395 3.14457 add 2 + dif, 48* 23 
So is tan. AMK+MKA 2 10 43893 ö 
* — — che greater 118 23 


1358350 f th 1 ſ: 2 
To tan. AMK—MKA 482 23/10. 05 N 77 OY : : 37 


2 


2 


To find the diſtance between M and R. 
As fine angle MKA 21? .37 9.66631 


is to MA 1005 . 
Zo is fine Ts MAK 40% 980807 
| 12-81024 


To the diſt. of the objects 1754 3.24393 


' Note, The foregoing example may be petſormed, by ufing MB © 
* BK as the containing aides. 


EXAMPLE VIII. Plate 5. fig 55 5 


if the Nat of Tencriff be Hur miles Hows fe level of the 
ſea, and the angie of depreſſion taken from the fartheſt viſible 
point, be 87* 25 55”. Required the diameter of the earth, 
alſo the fartheſt viſible point that can be ſeen from the Peak. 


If the ſquare of the viſual ray, being a tangent to the earth, 
be divided by the beight of the ſpectator's eye, above the level 
of the ſea, the quotient will give the earth's diameter, and the 
height of the ſpectator's eye above the level more. | 


Demon. Becauſe the ſtraight line AC is equally divided at E, 
and produced to the point D, the rectangle AD, DC, together 
with the ſquare of EC, is equal to the ſquare of ED, but the 
fquare of ED is equal to the ſquares EB, BD, becauſe DBE is 
2 2 angle; therefore, the rectangle AD, DC, together 

with 


HEIGHTS AND TD DISTANCES. v 
with the TREE of EC=EB, is equal to the ſquares EB, BD; 


take away the common ſquare EB, and the remaining rect- 
angle AD, DC, is equal to the ſquare of BD the viſual ray. And 
becauſe the rectangle AD, DC, is equal to the ſquare of BD, 
(Euclid. 17th. 6.) DC : DB:: DB: AD. : Therefore, 
DB* =AD and AD—DY= CA the diameter, | | 


DC. 


To find FD. += "To OE 


As rad. 9 = 10.00000 | As rad. go? - 10.00008 
is to DCG 4 0.60206 |. is to DC 4 - 0.60206 
So ſec. 87 25 55" 11.34866 | 50 is tan. 87* 25' 55” 11-34822 


—— — 


To D 99.27 ; 1.95072 | To CF 89.18 | 1. 95025 


Here it muſt be obſerved, that if from any point without a 
circle, two ſtraight lines be drawn» to touch the eircle, they 
are equal to one another, (Eucl. 37. 3.); therefore, FC is equal 

to FB, but BF and FD make up BD the viſual ray; conſequently, 

* wil 0 89. 1. N n. and 178.45 *=796x 


=AD, and 1961—4=9 575 the * Sg ve. 


To find BE che ſemidiamerer, ny 


As tall: 90 — - 10.00000 
is to BD 178. . 2.25 129 
80 is tang. * 4 55” — 1.34822 


To BE the ſemidiameter, 39783-59991 
e 72 
The diameter of the earth 50s 
a wel ORD Several 
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Several methods have been invented to find the earth's 
diameter. Mr Picart of the Academy of ſciences at Paris, has 
propoſed an exact method, by which, not only the equatorial 
and polar diameters may be known, but alſo the figure of * 
earth determined. 

According to Mr Picart, a degree of the meridian at the 
© latitude of 49 21, was 57.06 French toiſes, each of which con- 
8 tains 6 feet of the ſame meaſure ; from which it follows, that 
e © if the earth be an exact ſphere, the circumference of a great 
« circle of it, will be 123.249,600 Paris feet, and the ſemi- 
diameter of the earth, 19.615,800 feet: but the French ma- 
_ © thematicians, who, of late, examined Mr Picarts obſervations, 
aſſure us, that a degree in that latitude, is 57-183 toiſes. 
They meafured a degree in Lapland, in the la: itude of 66 200, 
© and found it to be 57.438 toiſes. By comparing theſe degrees, 
© as well as by the obſervations on pendulums, and the theory 
© of gravity, it appears, that the earth is an oblate ſpheriod ; 
© 23nd the axis or diameter that paſſes through the poles, will be 
to the diameter of the equator, as 177 is to 178, or the earth 
© will be 22 miles higher at the equator, than at the poles. A 
d degree has likewife been meaſured at the equator, and found 
© to be conſiderably leſs than in the latitude of Paris, which 
* confirms the oblate figure of the earth. Hence it appears, 
© that if the earth were of an uniform denſity from the ſurface 
* to the centre, then according to the theory of gravity, the me- 
5 ridian would be elliptical, and the equatorial would exceed 
the polar diameter, by about 44 miles“ 


PROBLEM III. | 5. fe. 9. 


To find the height of an object, by means of one flaſfe 


Suppoſe the pole AB of an unkown height, BC a horizon- 
tal * and ED a ſtaff of a known length, At any conve- 
nient 


nos AND DISTANCES, 
venient diſtance from ds holes Ak fehr Wir Peer 


the ground, then move backwards or forwards, ti!l you find the 


point C, whence you may view the top of your ſtaff, E, in a 


| line with A the top of the object, then ſay, as CD DE: CB: 


BA the height of the object Fig. 67. om S 
; EXAMPLE. 
Let BC be 80 feet, CD 5, and DE 4 ire AB. 


$34: : 88 


50320 


— — 


e 


OLM mw. : 


1 meaſure the high * an fbi from the lerigth 1 its Ann, | 


Place any ſtaff of a known length in the ſame * with 
the object; then ſay, as the length of the ſtaff's, ſhadow, is to 


the length of the ſtaff; ſo 1 is the PO of the * ſhadow: 
do its height. 


ELA IE. 


Wanting to know the height of a Werle whoſe ſhadow I t 


found to be 200 feet; I fixed my ſtaff perpendicular to the ho- 
tizontal plane, the length of the ſtaff, is 4% feet, and of * 
ſhadow, 6 feet, required t he I of the 2 | 


* . 
F 4 Fs £08 
5 . \ 
= * 
4 * 


6:g00 
Anſ. 150 feet hig. 


FRODLE V. 


To meaſure FY height of an object, by a plane mirror, or 5 a bucket 
Full f water. See fig. 69 
Place the mirror or bucket dne e the object · So 
that the top of the object may appear in the middle of the ho- 
rizontal ſurface, then ſay, As the diſtance between the object, 
© ſhadow, and your feet, is to the height of the eye; fo is the 
_ diſtance between the objects ä and the object; to the 
height of the object. 


PROBLEM. VI. 


Diftances may alſo be meaſured by loud ſounds, ſuch as, the firing 
of a cannon, the tolling of a bell, thunder, & c. | 


It has been found, by many exact experiments, that the uni- 
form velocity of ſound, is 1142 feet, per ſecond of time. If, 
therefore, the ſeconds elapſed, be multiplied by 1142, the pro- 
duct will be the anſwer in feet. 


EXAM- 


* 
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EXAMTIE I. 1 . 


After ſeeing 2 aſh of Bghtming, it was 8 ſeconds before 1 
e required the diſtance. | 


2143 
8 


| $280)g136(1 
5280 


353856 
| 85 Anf. x mile * 


EXAMPLE U. 


After obſerving the firing of a cannon, 24 ſeconds elapſed, 
before I heard the report, required the diſtance. fo 5 miles 
336 yards. 


EXAMPLE, III. 
After obſerving a man ſtriking a bell with a hammer, 5 e- 


conds elapſed before I heard the found. What was the diſ- 
tance? Anf. 1 mile 430 _ 


PROBLEM VI. 
To find the velocity of the wind. 


Obſerve the ſhadow of a cloud at any particular place, then 
count the number of ſeconds elapſed, before it reach any other 
particular place; then ſay, As the number of ſeconds elapſed 

12 


„% MENSURATIONOF | 


is to one hour. $0 is the diſtance of the two places, to the | 
diſtance the wind, will paſs over in one hour. 


Ne, By a ſimilar experiment, the. velocity of running Waters 
may be computed. 


PROBLEM VIII. 


1 Prights or depths may be eftimated from the velacities acquired by fats 
lng bodies, and the ſpaces fallen Es in given times, or 8 
The time of falling. 


In ſucceſſive equal parts of time, ſuch as kx, 2, 3, 4, &c., 7 
the ſpaces paſſed over, are in the ſeries of the odd numbers, I, 
3» 5» 7» 9, II, &c., and the acquired velocities, as 1, 2, 3, 4, 
&c. Hence, it is plain, that the velocities are as the times, 
and the ſpaces paſſed oyer, are as the ſquare of the times of 
Falling. Thus, in a quarter, of a ſecond, from the inſtant. of 
beginning to fall, a body will fall 1 foot; in half a ſecond, it 
will have fallen 4 feet, in three quarters, 9 feet, arid in one ſe- 
cond, 16 feet. In the next ſecond, it will fall through 
16X3=48, which added to the velocity at the end of the for- 
mer ſecond, will give 64, the whole ſpace fallen through in 
two ſeconds. In the third ſecond, the body. will fall through 
5 Xx 16=80, which being added to the laſt ſum, 64, will give 144, 
the ſpace paſſed over in 3 ſeconds, and ſo on 3 


For the continued addition of the odd numbers, gives the 
ſquares of all numbers from unity and upwards. 


Thus, In 1 ſecond, a body will fall 16 feet, which is 1* X 16. 
In 2 ſeconds, I+3=4=2 * X I6=64- 
In 3 ſeconds, 1 +3+5=9=3* & & 16=144 and ſo on. 


EXAM 
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The velocity acquired at the end of any given time may be 
found thus. Suppoſe a body begins to move with a celerity 
conſtantly encreaſing in ſuch a manner as would carry it through 
16 feet in one ſecond, at the end of this ſpace it will have ac- 
quired ſuch a degree of velocity as would carry it 32 feet in 
the next ſecond, though it ſhould then receive no new impulſe 
from the cauſe by which its motion had been accelerated. But 
as the ſame accelerating cauſe continues conſtantly to act, it 
will move 16 feet farther the next ſecond, conſequently it will 
have run 64 feet, and acquire ſuch velocity as would, in the 
ſame time, carry it over double the ſpace. And fo on. 


8 EXAMPLE I. | 
How far will a body fall in 6 ſeconds ? 
62236 | 
36 X 16=576 feet. 
EXAMPLE II. 
In what time will a body deſcend through 11664 feet? 
| 16) 11. 664(729(27 ſeconds. | 


112 4 
46 47)329 
32 3; 
144 
144 
EXAMPLE III. 


Required the laſt acquired . when a body has fallen 


8 ſeconds of time. 


32 the additional velocity per ſecond. 
* the time. 


2 256 the laſt acquired velocity is 256 feet per ſecond. 
EXAMPLE 


62 '  MENSURATION OF 


EXAMPLE IV. 


If a bidy move at the rate of 1 ons. feet * ſecond, How far 
mult it fall to acquire that velocity? 


32)1376(43 ſeconds, time- of falling. 
128 


96 and 432 * 1 feet. 
96 


In the following Table, the column titled T denotes the ſe- 
conds of time from 1” to 60“; S the ſpaces paſſed over in any 
fecond of time. The third column gives the heights from 
which a body would fall at the end of any given time, from 
1” to 60“; and column 4th denotes the laſt acquired velocity 
at the end of any given time. 'Thus, at the end of 22 ſeconds, 
the body has fallen from the height of 7744 et, and moves 
with a 8 of 704 feet fir ſecond. | 


TABLE 


| HEIGHTS AND DISTANCES. 


63 


1 


TABLE OF FALLING BODIES. 
Th "ra 5 ö 5 | 0 
| = 2 |= | 
9. Height. 5 | T. | S. Height. 5 
1 Feet 16 32 31 | 61 376 992 
3 | 6464 32 | 63 18384 j1024 
5 | -144 96 | 33 65 [17424 1056 
n 34 | 67 18496 088 
9400 [160 | 35 | 69 19600 120 
11 576 [192 36 71 20736 6 
13 | 784 224 | 37 | 73 [21994 [1184 
15 | 1024 256 38 75 23104 |1216} 
17 | 1296 [288 | 39 | 77 [24336 1248 
19 | 1600 320 40 | 79 25600 2 280 
21 | 1930 [352 | 41 | 81 26806 |1312 
23 | 2304 384 | 42 | 83 [28224 1344 
25 | 2704 406 | 43 | 85 [29584 1376 
27 | 3136 448 44 | 87. 3976 11495 
29 | 3600 480 45 | 8g 32400 1440 
31 | 4090 [512 | 46 | 91 (33856 [1472 
33 | 4624 544 47 | 93 [35344 1504 
35 | 5184 [576 48 | 95 36864 [1536 
37 | 5776 |608 | 49 | 97 138416 800 
39 | 64e0 6640 50 | 99 [40e09 [1600 
2t | 4t | 7056 [672 51 [lot [41616 [16321 
22 | 43 | 7744 1704. 52 103 [43264 1664 
23 | 45 | 8464 736 53 ros 44944 1696 
24 | 47 | 9216 1768 54 j107 46656 728 
25 | 49 [loooo 800 | 55 frog 48400 1760 
26 | 51 [10816 832 56 [[11 50176 1792 
27 | 53 11664 [864 57 1113 51984 1824 
2855 12544 396 58 115 53824 1856 
29 | 57 [13456 928 59 117 55696 1888 
30 I 59 14400 60 1119 


$7600 \8920/ 


- 


MENSURATION, . 


PROBLEM IX. 


To meaſure heights and diſtances by the geometrical ſquare. 
When the plane is horizontal, the inſtrument is to be ſup- 
| ported and placed horizontally at any point A, and it is to be 
| turned till the remote point F, whoſe diſtance is to be meaſu- 
red, is ſeen through the fixed fights; then turn the index, till, 
through the fights upon it, you ſce any acceſſible object B; 
then place the inſtrument at the point B, directing the ſixed 
ſights to the firit ſtation A, and the moveable ones to the point 
F; and if the index cut the reclined fide of the ſquare, as in 
the point E, then, from fimilar triangles, ES: SB : : as BA: 
AG; but if the index cut the right fide of the ſquare EK, it 
will be BR: RK :: BA: AF. In either of theſe caſes, the 
diſtance required may be found by the rule of three *. 
_ Perpendicular heights, when acceſſible, may be obtained by 
the quadrant only. For example, If you wanted the height of 
a houſe, tree, &c. approach towards or retire from the object, 
till it ſubtends an angle of 45˙; then ſhall the height of the 
object be equal to its horizontal diftance. Euclid, I. 6. 
A fimilar obſervation may be made of the other inſtruments | 
uſed for heights and diſtances but this, and many more, will 


daily occur in praCtice. 
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The fide DE is called the right fide, E the reclined ſide. 
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LOGARITHMIC TABLES; 


» 


CONTAINING, 


LA TABLE oF THE LOGARITHMS 'OF Nun 


FROM I 10 IoOoOo. 


II. A TABLE or LOGARITHMIC sI NES, TAN. 


GENTS, SECANTS, anD VERSED SINES, 
To EVERY DEGREE AND MINOTE oF THE DUA4- 
DRAN T. 


III. A TABLE or LOGARITHMIC SINES, TAN- 
GENTS, AND SECANTS, To EvERY POINT, 


HALF POINT, anD QUARTER PoINT or THE 


COMPASS. 


— 


1 


A TanLE of the LocarrTuns of Numvezs from 1 4 10000. 


Uh Þ Lo: 


49 


| Log. 
G.00000 
.30T03 
0.47712 
0.60206 
0.69897 
0.77815 
O0.845IC 
0.90309 
0.95424 
. ooo 
1.04139 


1. 07978 
1.11394 


| | po 1.27875 


12 138182 


1.25527 


— 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


Log. 


1.32222 
1. 34242 
1.36173 
1.38021 
1.39794 
T. 12 
1.43136 

1.44786 
1.46240 
1.47712 
I. 49130 
1. 5051 


33 


5 
35 


1.5185. 


1.53148 54 


T. 4407 


3601. 55630 56 
371.568 cf 57 
381. 57978 58/r 
391.59 oe 59 


ar 
42 
43 
44 


. Log _ 
1.61378 
. 62325 


1.63347 


1.64345 


45 


1.65321 


46.1.6276 
471.67220 


48 1.68124 


4901 69020 


$50.1.69897 


5175757 


52 
33 


35 


I. 71600 


1.73239 | 
1.74936]. 


* 


4 Log. 
1. 78533 
1.79239 821.9138 


1.79934 


1.61291 


1.81954 


1.83251 
1.83885 
1. 845 10 


71185126 
1.85733 


1.86332 
1. 86923 
1. 87506 


1.74849 
1.75587 
76343 


1.7 7085 


- 5611.88081 


r. 88649 
t. 89209 


1. 89763 


3 8 
1. 82607 


28 n 


al 
Ne.“ Log. Log, 
8111. 1.9084 


83/1.9190 
441.9242 
851. 

86/1 
871L. 
88 
8911. 


91 
921. 
93 T. 
94. 
95 777: 
er 

971+ 
98. 
99. 
Too. 


40] I. 60206] 60 


1.77815 
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38 TABLE or LOGARITHMIC NUMBERS. 


NY. 
£00 


- 
00087 
00518 


380945 


OI 368 
01787 
©2202 


02612 


301g 
03423 
03822 
04218 
04610 


01410 
01828 


02243] © 


02653 
03060 
03463 
03862 
04258 
046050 


5 


0064 7 
01072 
01494 
01912 
0232 

C2735 
03141 


03543 


03941 
04336 
04727 


142 


04999 
O5 385 
05767 
06145 


2106521 
5606893 


07202 
07028 
9799 


4.08350 


0870 
09061 


7709412 
09760 


10106 
10449 
10789 


11126 


11461 
11793 
12123 


; I2450 


3] £2775 
13098 


05038 
©5423 
05805 
06183 
065 5 N 
06930 
07298 
07664 
08027 
08386 
08743 
oog 
09447 
09795 
10140 
10483 
10823 
11160 


114934 
11826 


1215501 


1248 
12808 
13130 


13418 
13735 
14051 
14364 
14675 
14983 


15 290 
255594 


15897 
16197 


16495 


| 16791 
; T7085 
17377 
1766 
6 17955 
18241 
185 26 


7 


18780, 18808 


19340 


19618 


19893 


20167 


1 


19089 


19368 

96455 

19921 

28124 
2 


13450 
13767 
14082 


14395 
14706 


15014 


15 320 
15625 
15927 
16227 


16524] 16 
168200 


171140 


17406 


17984 
18270 
18554 


17696617723 


09864 


71 10551 
10890 


12222 
12548 


1598 


46 17173 


3118611 


O5 115 
05500, 
05881 


06258 


06653 


07004. 
| 07372, 


07737, 
08099 
08458 
08814 
09167, 


5 te 
10209 
11227 


11561 
11893 


12872 
13194 


„ 
| 00217 


00260 


00689] 


n 
015 30 
01953 


02366 


02776 
03181 
03593 
03981 
04370 


| 04766 


| 


— 


00346 


00775 


01199 
01620 


02036 
02449 


03202 
03663 
04060 
04454 
04844 


05154 


05538 
05918 


06296] « 


06670 


07041 


07.408 
0777 

08135 
08493 
06849 


| C5231 


13513 


138300 


14145 
14457 
I4768 


150760 l 


15381 
1568 5 


16286 


1658401 


16879 19999 


17464 
17754 
18041 
18327 


18893 
19173 
19451 
19728 
20003 


202760 


5 | 


17231 


19229 


20330 


17811 


17522 


18384 
18667 


18049 
19507 


19783 
2005 8 


> 


| 10052 
10992 


©5014 


10312 


11327 


11661 1. 
1199201. 


12320 
12640 
12969 


13290 
13609 


13925 
114239 
14551 
14860 


151080 


15473 
15776 
16077 
16376 
16673 


16967 


17200 


17551 
17840 


181270 


18412 
18696 


18977 
19257 
19535 
19811 
2008 5 
20358 


5 


| 


TABLE or LOGARITHMIC NUMBERS. 


6 7” | 


39 
ET. TT, 
160 20412| 20439 20466 20575 20602] 20629 20656 
20683] 20710] 20736 20844 2087 i] 20898 20925 
' 20951| 209780 TOO 21112 21139/21165 2119 
21219 21245/21272 21378 21405 21431 21458 
21484 21511] 21537 21643 21669 21696 21722 
21748021775 21801 , 21906 21932 21958, 21985 
166; 22011 22037 22063 22167 22194/22220 22246 
222720 22298| 22324 22427. 224530 22479' 22506 
22531] 22557 22583 22686 22712 22737, 22763 | 
22789 22814/22840 22943 22968] 22994 23019 
23045 23070 23096 23198 23223 23249 23274 
23300 23325 23350 234262342 23477] 23502 23528 
23553] 23578 23603 23679 23704 23729 23754 23775 
3; 23805 238300 23855 23955, 23980| 24005 24030 
24055 24080 24105 24204 24229 24254 24279 
24304] 24329 24353 24452 24477 24502 2452 
24551 245760 24601 24699 24724 24748 24773 
77 24797] 24822] 24846 24944! 24969 24993] 25018 
25042] 25066 25091 25188 25212] 25237 25201 
25285 25310 25334 25431 25455 25479] 25503 
25527 25551 25575 25672 25696 25720] 2574 
25768 25792 25816 25912; 25935 25959] 25983 
26007] 26031 26055 26150 26174] 26198| 26221 
26245 26269 26293 26387 26411] 2543 26458 
20482] 26505 20529 20623| 2664 7| 20670 2669. 
26717] 26741] 26764 26858 26881] 26905| 26928 
26951] 26975] 26998 27091] 27114) 27138] 27161 
27184027207 27231 27323] 27340/27370 27393 
27416 27439 27402 27551] 27577] 27600} 2762 
£89] 27046| 27069] 27092] 2 27784 27807] 27830 2785 
27875 2789827921 9 28012] 288035 280580 28081 
28103/281260 28149 7 282.40] 28262 28285 28307 
28330 28353] 28375 2846628488 28511] 2853 
28556 28578 28601 | 28091; 28713] 28735} 28758 
28780 28803] 28825 2891428937 2895928981 
195; 29003] 29026 29048 [15] 29137] 29159 29161} 29203 
2922629248 292/0 29358 29380] 29403] 29425 
29447 29460] 29491 7] 295 79; 29601 2623 
29667 2088 2971 29798} 298200 29643 
27885 29907] 29929 300161 30038] 30060 
30103] 30125 30140. 30233] 3025 5 30270 
30320] 30341 39303 30449] 30471| 30492 
30535 3055 7 39576 0042] 30064 30685 | 39707 
30750 30771] 39792 30878] 30899] 30920 
30963 30984/31006 31091ʃ 31112031133 
31175 31197} 31216 31302 313231 31345 
31387 31408031429 375730375340 31555 
34597 31618 31639 31723) 31744 3170s} : 
31806, 31827] 31646 3793131952 31973 
32015 32035} 32056 32139321600 32181 
322220 32243/32263 32346, 32390 32387 
32428032449 32469 32552 32572 32553 
32634 32654 32675 32756032777 32797 
32838 32858 32879 32949], 32960; 32980 33001 
33041] 33062“ 33082 33143] 33103 333, 33203 
33244 33264 33284 3336533385 33405 
3344 33465] 33486 1 33566! 33586] 33600} 
33646! 33666 33686 33766 33786 33806 
33846 33866 33885 33965/3398 0 34005 b 
34044 34064 34084 34163! 34183 34203 F 
2 1 2 8 94 
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60 TABLE or LOGARITHMIC NUMBERS. 


04 


34242 
34439 


34830 
35025 


35411 


7] 35603 


35703 
35984 
36173 
20361 


34635 


— — 


1 
— 


34262 
34459 
34655 
34850 
35044 
35238 
35430 
35622 
35813 
36003 
36192 
36380 


36549 
36736 
36922 
37107 
37291 
37475 
37658 
37840 
38021 
38202 
38382 


3] 38561 
38739 


38917 
39094 
39270 
39445 


91397620 


39794 
39967 
40140 


40482 
40654 


40312 


2414084 
92141010 


36568 
36754 
36940 
37125 
37310 
37493 


35641 


36021 


36586 
36773 
36959 
37144 
37328 
37511 


2 


34282 
34479 
34674 
34869 
35064 


35257 


. 


35449 
35832 


36211 
30399 


—_ 


+) 
34301 
34498 
34694 


34889 


35083 
35276 
35468 
35660 
35851 
36040 
36229 
36418 
36605 
36791 
39977 
37162 
37346 
37520 


4 


1 


34321 
34518 
34713 
34908 
35102 


35488 
35679 
35870 
36059 
36248 
36436 
36024 


36996 
37181 
37305 
37548 


37670 
37858 
38039 
38220 
38399 
3882 
38757 
38934 
39111 
39287 
39463 
39637 


38057 
38238 
38417 


F 


3965 5 


37694 
37876 


35596 
38775 
38952 
39129 
39305 
39480 


39811 
3998. 
40157 
40329 
40500 
40671 


41179 


39829 
40000 
49175 
40346 
40518 
40623 


40858 


44027 
41196 


41347 
41514 


41081 


41363 
41531 
41697 


41847 41863 
42012] 42029 
42177, 42193 
42341 42257 
42504) 42521 
42667! 42684 


37712 
37894 
38075 
38256 


38435 


38614 


38792 
38970 
39140 
39322 
39498 
39672 
49846. 
40019 
40192 
40364 
40535 
40705 
40875 
41044 
41212 
41380 
41547 
41714 
41880 
42045 
42210 
42374 
42537 
4270 


37731 
37912 
38092 
38274 
38453 
38632 


38987 
39164 


39515 
39690 
395863 
40037 
40209 
40381 
40552 
40722 
40892 
41061 
41229 
41397 
41564 
41731 


42062 
42226 
42390 


42716 


35295 


36810 


| 38810 


39340 


41896 


42553 


34341 
34537 
34733 
34928 
35122 
35315 


34947 
35¹4¹ 
363240 3 


6 4 
34361 


34557] < 


34733 


34596 


8 


— 


34400 34420 
34616 
34811 


34792 


34986 
35180 
35372 


35507 
35798 
35889 
36078 
36267 
3645 
36642 
36829 
37014 
37199 
37383 


38656 


37749 


37931 


38112 
38392 


38471 


3262 
38828 
39005 
39182 
39358 
39533 
3970 


39881 


40054 


40226 
40398 


40569 
40739 
4090 
41078 


41414 
4581 
41747 
41913 
42078 
42243 
42406 
42570 
42732 


41246 


35908 
36097 


36474 


35.720 
35717 


36286 


36661 
36847 


370330! 


372183 


37401 
37585 


37767 


37949 
38130 
38310 
38489 


38668 
38840 
39023 


39199 
39375 


39550 
39724 


39898 


40071 
40243 
40415 
40586 
40756 
40926 


41095| 


41263 
41430 
41597 
41764 
41929 
42095 
42259 
42423 
42586 


42749 


35564 


35755) : 


35946 
36135 
36324 


36311 3 5 


42862 44876 
43024] 43040 
43185} 43201 
43345 43361 
43505 43521 
43664 43680 


42694 
43056 
43217 
43377 
43537 
43796 
43854 
44012 
44170 


42830 42946 
. 429971 43008 

45152 43169 
43297 43373 43329 

43457 43473 43489 
43616; 43632 43004 43680] 
43775, 43791 43807] 43823] 43838 
43933' 43949 43965| 43991] 43996 
6] 440gT! 44107 44122] 44135] 44154 
44248; 44204 44279] 442950 44311 
44404 44420 44436] 44451] 44467 
44592] 44607] 44623 


44560' 44576 
_—_*]*}* 


42911 
43072 
43233 
43393 


— 


43409 43425 
43553 43569 43584 
43712, 43727, 43743 | 
43870 43880 439027 43917] 
2 44044 n 
44185 44201 7 

443260 44342 44358 44373] 44389 
44583044498 44514] 44529 44545] 
44633] 44654; 4452 44685] 447007 
| Bs 2 2 8 | 9 | 
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TABLE or LOGARITHMIC NUMBERS. 


| 44871 


17712 


3] 48144 


O 


"WT 


3 


44716 


45025 
45179 
45322 
285| 45484 


44747 44702 
44902 44917 
45056 45071] 4 
45209 45225 
45362 45378 
45515 45530 


4 | 
44778 
44932 

45086 
45 240 
45393 
455 45 


4563714 


45788 
45939 
46090 
46240 
46339 
46538 
46687 
46835 
46982 
47129 
22747276 


298 47422 
47367 


47857 
48001 


48430 
48572 


27] $1455 


| 51720 


2152114 


66 52634 


48287 


48714 
4887 5 
48995 


45667 45682 


45818, 45834 
1 45969 45984 
46120, 46135 
46270, 46285 
46419 46434 
46568| 46583 


46716 
46864 
47012 
47159 
4235 
47451 
47596 
47741 
47885 
48029 
48173 


48316 
48458 
48601 
48742 
48883 
49924 


49136 
4927604 


49415 
49554 
49693 
49831 
49969 
50106 
50243 
50379 


SSF T5 


50650 


7] 49721 
5| 49859 


49164 
49304 
49443 
49582 


46731 
46879 
47026 
47173 
47319 


45097 
45849 
46000 
46150 
46300 
46449 


_ 


6 


5 


44793 
44948 
45102 


45225 


45408 
45561 


44809 
44963 
45117 
45271 
45423 
45576 


44824 
44979 
45133 
45286 
45429 
45591 


45712 
45864 
46015 
46165 
46315 
46464 


45728 
45879 
46030 
46180 
46330 
46479 


45743 
45894 
46045 
46195 
46344 
46499 


44994 


44840 


61 


pogey 


4485 
45010 


8 


4545 

45606 
45758 
45909 
46060 
46210 
46359 
46509 


40598 
46746 
46894 
47041 
47188 
47334 


47465 
47611 
47756 
47900 
45044 
48187 
48330 
48473 
48615 
48756 
48897 
49038 
49148 
49318 
49457 
49596 
49734 
49872 


50780 
50920 


51054. 
51188 


5132 


2 49996 


50280 


50813 


50133 


50406 


50542 
50678 


50010 


50147 


50284 
50420 
50556 
50691 


50947 
51081 
51215 
51348 
51481 


51587 


51851 
51983 


52244 


52375 
52504 


52763 
52892 


53020 


* 4g 


1 51614 


52401 


53046 


51746 
51878 
52009 
52149 
52270 


1 


50820 
50961 
51095 
51228 
51362 


51495 


51627 
51759 
51891 
52022 
521353 
52284 


47460 

47025 
47770 
47914 
4805 8 
48202 


48344 
48487 
48629 
48770 
48911 
49052 
49192 
49332 
49471 
49610| 4 
49748 
49886 
50024 
50161 
50297 


50433 


50569 
50705 
50839 
50974 
51108 
51242 
51375 
51508 


40013 
46761 
46909 
47050 
47202 
47349 
47494 
47640 
47784 
47929 
48073 
48216 


40027 
46776 
46923 
47070] 4 
47217 
47363 


46642 
46790 
46938 

47085 
47232 
47378 


47509 
47054 
47799 
47943 
40087 
48230 


47524 


47669 
47813 
47958 
48101 
48244 


48359 
48501 
48643 
48785 
48926 
49066 
49206 
49346 
49485 

49624 
49762 
49900 
50037 
50174 
50311 
50447 
50583 
50718 


48373 
48515 
48657 
48799 
48940 
49080 


50853 
50987 
51121 
51255 


51388 


51521 


51640 
51772 
51904 
52035 
52160 
52297 


$2530 
52660 
52789 
52917 


2 


52414 


52543 
52673 


5 2802 


52930 
53058 


52427 
525356 
52686 
$2815 
52943 
83271 


51654 
51786 
51917 
52048 
52179 
52310 
52440 
52569 
52699 
52827 
52956 
5308 


3 


4 


= IR 


51667 
51799 
51930 
52061 
52192 
82323 
$2453 
52582 
52711 
52840 
52969 
53097 


5 "8 | 7 


48387 
48530 
48071 
48813 
48954 
49094 
49234 
49374 


49513 


49051 
49790 
49927 
50065 
50202 
50338 
50474 
50610 
$0745 
5OBSC 
51014 
51148 
51282 
51415 
$1546 
51680 
51812 
51943 
52075 
52205 
82336 
52466 
52595 


| $2724 


52853 
52982 


83110 


1 


46657 
46805 


40953 
47100 


4514 
45301 


4516 
4531 


45469] 


45621 


43773 


4592 
46075 
4622 

46374 
465 23 
46672 
468 5 
4696; 
47114 


47245 
47392 
47538 
47683 
47828 
47972 
4811 

48259 
48401 
48544 
4868 

38827 
48968 
49108 


4924 
49388 


495 27 


49665 
49803 
49941 
50079 
50215 
50352 
5048 


506231 50637 
50759] 52973 
50893] 50907]. 
510280 51041 
51162051175 
51295 51205 


51428 
51561 
51093 
51825 
51957 
52088 
52218 


52349 


47261 
4740 


4755 
47698 
47842 
47985 
48130 
4827; 
48410 
4855E 
48700 
48841 
4898 
49122 
4926 
49402 
49541 


49679 
49817 


5050¹ 


42955 
50092] 
502291 
50365 


52476 
52608 
52737 
52866 


52994 
53122 
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62 TABLE or LOGARITHMIC NUMBERS. 


| 54033 


| 535509 


393] 59439 


O 


53148 
53275 
53403 
53529 
53655 
$3782 
53908 


54158 
54283 
54407 
54531 
54654 
54777 
54900 
55022 
53145 
55267 
55385 


55630 
5575 
55871 
55997 
FOLIC 
56229 
56348 
56467 
56585 
56703 
56820 
56937 
57054 
57171 
57287 
374035 
57519 
57034 
57749 
57804 
57978 
58092 
58206 
58320 
58433 


58546 


58659 
$8771 
58883 
53995 
59106 
59218 
59329 


59550 
59660 
59770 
59879 
59988 


60097 


$4295 


57415 


oO 


6 
53161 


53288 


! 


2 


53542 
53668 


53794, 


53920 
54045 
54170 


54419 
534543 


54667 
54790 
54913 
55035 
5S$S157 
55229 


2 


53173 
53301 
53428 
53555 
53681 
$3807 
53933 
54058 
54183 
54307 
54432 
54555 
54079 
54802 
534925 
55047 
55169 
55291 


1 
5318 

53314 
53441 
53567 
53694 
33820 


ä 


5 


0 


53199 $3212 $3224 


53326, 
33453 


53339 
53466 


53580 53593 


53706 
43832 


53945 
54070 
54195 
54320 
54444 
54568 


53958 
54083 
54208 
54332 
54450 
54580 


33719 


5384 
53970 
54095 


54220 
34345 
54409, 


54593) 


53352 


53479] 5 


53605 
$3732 


7 ED 


53983 
54108 
54233 
54357 
54481 
54605 


54091 
54814 
54937 
55060 
55182 
55303 


SSA 
$5522 
55642 
55763 
55583 
56003 
56122 
56241 
56360 
56478 
56597 
50714 
56832 
56949 
57066 
57183 
57299 


57530 
57646 
57761 
57875 
57990 
58104 


55413 
55534 
55054 
55775 
55895 
5601.5 


55425 
55540 
55666 
55787 
55907 
56026 


56134 
$0253 
50372 
56490 
56608 
56726 


2 


56146 
56265 
56384 
56502 
56620 
56738 


54704 
54827 
54949 
5507 
55194 
5318 
55437 
55558 
55678 
55799 
55919 
56038 
56158 
56277 
56396 
56514 
56632 
56750 


54716 
54839 
54962 
55084 
55206 
55328 


54728 
54851 
54974 
55096 
55218 


53449 
$5570 
55691 
55811 
55931 
56050 
56170 
— 
56407 
56526 
56644 
56761 


55461 
55582 


55823 
55943 
56062 


56182 


56419 
56538 
56656 
56773 


55703] 


563010 


55340 


50844 
56961 
57076 
57194 
57310 
57426 


560855 
56972 
57089 
57206 
57332 
57438 


56867 
56984 
57101 
57217 
57334 
57449 


57542 
57657 
57772 
57887 
58001 
58175 


57553 
57669 
57784 
57898 
58013 


57555 
57680 
57795 
57910 
58024 


58127 


58218 
58331 
58444 
58557 
58670 
58782 
58894 
59006 
59118 
59229 
39340 


59450 


59561 
59671 
59780 
59890 
59999 
60108 


1 


58229 


58343 


58240 
58354. 


58138 
58252 
58365 


58456; 58467 58478 
58369! 58580, 58591 
58692! 58704 


58681 
58794 


5896 
59017 
59129 
59240 
59351 
59461 


59472 


59572 
59682 


59583 
59993 


5880 58816 
58917 
59028 
59140, 
59251. 


59362 59373 


58928 
59040 
59151 


59262 


59433 
59594 
59704 


59791 59602 59813 
59901 59912 59923 
ooo 6002T 60032 
60119 60130 60141 


2 


3-| 4 


50879 
56990 
57113 
57229 
57345 
57461 
57576 
57692 
57807 
57921 
58035 
58149 


56891 
57000 
57124 
57241 
57357 
57473 
57586 
57703 


57933 
58047 
58161 


578181 


58263 
58377 
58490 
58602 
58715 
56027 


58939 
59051 
59162 
59273 
59384 
59494 
59605 
59715 
59824 
59934 
60043 
60152 


3 


58274 
58338 
58501 


58726 
58839 
58950 
59262 
59173 
59284 
59395 


59616 
59726 


59945 
60054 
60163 


586140 


59835 


59506 59517 


6 


TABLE or LOGARITHMIC NUMBERS. 


400 
401 


403: 
404 
405 

106 
07 
408 
409 
410 


1412 
413 
414 
415 
416 
5 
418 
119 
420 
421 
422 
423 


Ja 
IT) 
2 


: 444 
445 
440 
447 
448 
449 
450 


FE 


402 60423 


411 


62941 
63043 


34} 63749 


451 
452 


453) 


454 
[4551 
457 
458 
459 
Ns. 


— — 
50206 
60314 


60530 
60638 
60745 
60853 

60959 
61066 
61172 
61278 
61384 
61490 
61.595 
61700 
61805 
61909 
62014 


62118 


62221 
62325 
62428 
62531 
62634 
62737 
62839 


63144 
429] 63246 
450 63347 
63446 
63548 
63649 


62849 
63949 
64048 
64147 
64246 
64345 


64444! 6 


£4545 
64649 
64733 
64836 
64933 


65031. 


65128 
65225 


653211 


05418, 


I 
60217 
60325 
60433 
60541 
60649 
60756 
60863 
60970 
61077 
61183 
61289 
61395 
61500 
61606 
61711 
61815 
61920 
62024 


2 


68228 
60336 
60444 
60552 
60660 
60767 
60874 
60981 
61087 
61194 
61300 
61405 
61511 
61616 
61721 
61826 
61930 


62034 


5 
60239 
60347 
60455 
60563 
60670 
607 78: 
60885 
60991 
1098 
61204 
61310 
61416 
61521 
61627 
61731 
61836 
61941 
62045 


05514 


6 
65 706, 


653801 
65896 
65992 
66087 
66181 


O 


62138 
62242 
62340 


62757 
62859 
62961 
63063 


5] 63165 


63266 
63367 
63468 
63568 
63669 
63769 
63869 
63969 
64068 
64167 


64365 
04464 
64502 
64660 
64758 
64855 
64953 
65050 


62449] 
62552 
62655 


64266 


62149 


62252 


62356 
62459 
62562 
62665 
62767 
62870 
62972 
63073 
63175 
63276 
63377 
63478 
63579 
63679 
63779 
63879 
63979 
64078 
64177 


64276 
| 64375 


64475 
04572 
64670 
64768 
64865 
04963 
65060 


05147 
65244 
65340 
657437 


3165533 


05629; 


65996 
66co1 
66096 
wn 


65820, 


6591 5 
5 0 


66209 


65725] 


66106 


ws 7K, 


65157 
65254 
65350 
65447 
65543 
05639 
65734 
65830 
65925 
66020 


60249 
60358 
60466 
60574 
60681 
60788 
80895 
61002 
61109 
61215 
61321 
61426 
61532 
61637 
61742 
61847 
61951 
62055 


—— — 


62159 
62263 
62366 
62469 
62572 
62675 
62778 
62880 
62982 

3082 
63 31855 
63286 
63387 
63438 


63689 
63789 
63389 


63988 


64187 
64286 
64385 
04483 


4-1 


63589 6 


64088 


5 


60260 
60369 
60477 
60584 
60592 
60799 


i 
60379 
6048 7 
60595 
60703 
60810 


5585 
60390 
60498 
60606 
60713 
60820 


60906 
61013 
61119 
61225 
61331 
61437 
61542 
61648 
61752 
61857 
61967 
62066 


62170 
62273 
62377 
62480 
62583 
62685 


60917 
61023 
61130 
61236 
61342 
61448 


60927 
61024 
61140 
61247 
61352 
61458 


PIP 


60293 
60407 
60509 
60617 
60724 
60831 


60938 
61045 
61151 
61257 
61363 
61460 


61553 
61658 
61763 
61868 
61972 
62076 


(2180 


62284 
62387 
62490 
62593 
62696, 


62788] 6 


62890 
62992 
63094 
63195 
63296 
63397 
63498 
3599 
63699 
63799 
63399 
63998 
64098 
64197 
64296 
04395 


04493 


645 82 
64680 
64777 
04875 
64972 
6507C 
65167 
65263 
65 360 
65456 
05552 
65648 
05744 
65839 
65935 
66030 
66124 
66219 


64591 
64689; 
64787, 
64885 
64982, 
65079, 
65176 
65273 
65359 


65460 6 


65 562 
65658 


65753 
05849 
05944 
66039 
66134 
66229 


4 


5 


64691 
64699 
64797 
64895 
04992 
65089 
65186 


6528306 


65379 
3475 
65571 
65667 
65 763 
65858 


5063215 
163317 


61563 
91669 
61773 
61878 
61982 
62086 
62190 
62294 
62397 
62500 
62603 
62706 
62808 
62910 

3012 
63114 


03417 
63578 
63619 
63779 
63819 


63919 6 
4018 64028 


61574 
61679 


61784 
61888 
61993 
62097 
62201 
62304 
62408 
62511 
62613 
62716 
62818 
62921 
63022 
63724 
63225 
63327 
63428 
63528 
63629 
63729 
63829 
23929 


64128 
04227 
64326 


64424 6 


64523 
04621 
64719 
64816 
64914 


65011 


65108 


55205 


65302! 6 


05398 
65495 
65591 
65686 


65954 


66040 


66143 
66238 


3165973 


. 


— 


65782 
65877 


66068 

6616 

66257 
* 


63 | 


60304 
60412 
605 20 
60627 
60735 
60842 
60949 
61055 
61162 
61268 
61374] 
61479 
61584 
60 
61794 
61899 
62003 
62107 


62211 
62315 
62416 
62321 
62624 
62726 
02829 
62931 
63033 
63134 
63236 
63337] 
63438 

63538 
63639 
63739 
63839 
6393 


„ 


= TABLE or LOGARITHMIC NUMBERS. 


O 


1 


— 


66276 
66370 
66464 
66558 
66652 
66745 


——_—— we. 


66932 


80] 68124 


66839 


67025 
67117 
67210 
67302 


66285 
66380 
66474 
66567 
66661 
66755 
66848 
66941 
67034 
67127 


67219 


67311 


67394 
67486 
67578 
97669 
67761 
67852 
67943 
68034 


68215 
68305 
68395 
68485 
68574 
68664 
68753 
68842 
68931 
69020 
69108 
69197 
69285 
69373 
69461 
69548 
69636 
69723 
69810 
69897 
69984 


67403 
67495 
67587 
67678 
67770 


67861 6 


07952 
68043 
68133 
68224 
68314 
68404 
68494 
68583 
68673 
68762 
68851 
68940 
69028, 
69117 
69205 
69293 
69381 
09409 
69557 
69644 
69732 
69819 
69906 
62292 


70070 
70157 
70243 
70329 
70415 
70501 


70079 
70165 
70252 
70338 
70424 
70509 


66295 
66389 
66483 
66577 
66671 
66764 
66857 
66950 
67043 
67136 
67228 
67321 
67413 
57504 
67596 
67688 
67779 


67961 
68052 
68142 
68233 
68323 
68413 


68502 


68592 
68681 
68771 
68860 
68949 
69037 
69126 
69214 
69302 
09390 
69478 
69566 
69653 
69740 
69827 
69914 
70001 
70088 
70174 
70260 
70346 
70432 
70518 


| 70757 


| 71265 


| = 


70580 
70672 


70842 
70927 
71012 
71096! 
71181 


71349 
71433 


O 


70595 
70689 
70766 
70851 
70935 
71020 


71105 
7118 


71273; 


71357 
71441 
71525 


1 
. 


70603 
70681 
70774 
70859 
70944 
71029 


7870 


1 
66304 
66398 66408 
6492 


66586 
66680 


66773 


66867 
66960 
67052 
07145 
67237 
67330 


—— 
66314 


67422 
67514 
67605 
67697 
67788 
67879 
07970 
68061 
68151 
68242 
68332 
68422 
68511 
68601 
68690 
68780 
68869 
68958 
69046 
69135 
69223 


693110 


69399 


69487] © 


69574 
69662 
69749 
69836 


69923] © 


70OIC 
700gb 
70183 
70269 
70355 
70441 
70526 
70612 
70697 
70783 
70868 
70952 
71037 


71113 
71193 
71282 
71366 
71450 
71533 


"i 


71127 
71206 
71290 
71374 
71458 


71542 


66502 
66596 
66689 
66783 


66876 


66969 
67062 
67154 
67247 
67339 


sf, 0 | 
66323 60332 


1 


6651 


66605 
66699 66708 
66792 66801 


66427 
66521 
66614 


'F 


66342 Gage, Cys 


66436 
66530 
66624 
66717 
66811 


a 


9 


66445 


66539 
66633 


66727 
66820 


66885 66894 
66978 


67071 
67164 
67256 
67348 


67431 
67523 
67614 
67706 
67797 
67888 


67440 
67532 
67624 
67715 
67806 
67897 


6797 

om 
68160 
68251 
08341 
68431 
68520 
68610 
68699 
68789 
68878 
68966 


69055 
69144 


67988 
68079 
68169 
68260 
68350 
68440 
685 29 
68619 
68708 
68797 


68886 


68975 
69064 
69152 
69241 
69329 
69417 
69504 
09592 
69679 
69767 


69854 6 


69940 
70027 
70II4 
70200 
70286 
70372 
70458 
70544 


70036 


66987 
6708 

67173 
67265 
67357 
67449 
67541 
67633 
07724 
67815 
67906 
67997 
68088 
68178 
68269 
68359 
68449 
63538 
68628 
68717 
68306 
68895 
68934 


66904 
66997 
67089 
67182 
67274 
67367 


66913 


67006 


67099 
67191 
67284 
67376 


67459 
67550 
67642 
67733 
67825 
67916 
68006 
68097 
68187 
68278 
68368 
68458 
68547 
68637 
68726 
683815 
68904 
08993 


67560 


67468 


67651 
67742 
67834 
67925 


63015 


68106 
68196 
68287 
68377 
68467 


68556 


68646 
68735 
63824 
68913 
69002 


09073 
69161 
69249 
69338 
69425 
69513 
69601 
69688 
69775 
9862 
3949 


70122 
72209 
70295 
70381 
70466 
705.52 


69082 


69170 
69258 
69346 
69434 
09522 
69609 
69697 


69784 6 


69871 
6995 
70944 
70131 
70217 
70383 
70389 


70475 *- 


70561 


67843 


70029 
70714 
70800 
70885 
70969 
71054 


70638 
70723 
70808 
70893 
7097 
71062 


70646 
70731 
70817 
70901 
70986 
7107] 


71129 
71223 
71307 
71391 


vi 71475 


71559 


71147 
71231 
71315 
71399 
71483 
71567 


71155 
71240 
71524 


71408 
71492 
21575 


3 


6 


71500 


71584 


8 


70234! 


6: 


— 


2 


TABLE or LOGARITHMIC NUMBERS. 


d 


* 


621 


99% 


I 


2 


71600! 71609 71617 
71684 71692, 71700 
71767) 71775; 71774 
71850 71858 71867, 
71933 7194171950 


72835 
6] 72916 


} 73159 
73239 


5 73640 
73719 


74273 
74351 


74819 


74036 


572 
973, 
574 


4579! 7556 
577 


| 


575) 75967 
$70, 7 76042, 76050 
577] 76118, 76125 
| $78, 76283 76200 
579. 76268 

EY. O 


72016 72024 72032 
72107; 


72099 
72181 
72263 
72346 
72428 
72509 
72591 
72673 
72754 


72997 
73078 


73320 
73400 
7 3480 
73560 


73799 
73878 
13957 


74715 
74194 


14429 


72189 
72272 
72354 
72430 
72.518 
12599 
72681 
72762 
72843 


73086 
73167 
73247 


73408 
73488 
73568 
73648 


73886 


74044 
74123 
74202 
74280 


14359 


14507 


7] 74586! 
74663 


74741 


74896 


74974 


74515 
74593 
74671 
74749 
74827 


74981 


7$OST: 


75126 


74059 
75136 


75 205 75213 


75282 
75358 


7526) 
75 366 


— — 


72925 
73006 73014 


73328 7. 


737271 
73807 


3965 73973 


14437] / 


74504; * 


3 
71625 
71709 
71792 
71875 
71958 
72041 
72123 
72206 
72288 
172370] 7 


| 72452 


12534 


71966 


N 
71634 
71717 
71800 
71883 


3 
72132 
72214 
72296 

2378 
72465 
72542 


ks 
71042 
11725 
71809 
71892 
11975 
72057 
72140 
72222 
72304 
72387 
72469 
72550 


| 72616 


72697 
72779 
72800 
72941, 
73022 
73102 
73183 
73263 
73344 
73424 


730 


72624 
72705 
72787 
72868 
72949 
73030 
73111 
73191 
73272 
7335 
73432 
73512 


72632 
72713 
72795 
72876 
72957 
73038 
73119 


1 — 


73199 


73280 
73360 
73440 
7352C 


73584 
73664 


5 73742, 
73823' 


73902 
73981 


74000 


74139 


74217 
74296 
74374 
74453 


74531 
74609 
74687 
74764 
74842 
74919 


74997 


75074 
751.51 
75228 
75305 
75391 


73592 
73672 
73751 
73830 
73910 
73989 
74068 
74147 
74225 
74304 
74383 
74461 
74539 

746757 
740! \ 
7477. 
74850 
74927 


73600 
73079 
73759 
73836 
73918 
73997 
74076 
74155 
74233 
74372 
74390 
74468 


73608 


| — 


—— — 


71050 
7173. 


71817 


71900 
71983 


72066] 7 


8 


g 71667 


11750 
71834 
71917 
71999 
72082 


72148 
72230 
72313 
72395 
72477 


72558 
72640 7 


72722 


72803 


72884 
72965 
73046 


73127] 
73207] 


73288 
73368 
73448 
73528 


73687 
73767 

73846 
73926 
74005 
74084 


74162 


74241 
74320 


74398 


74476 


72165 
72247 
72329 
72411 
72493 


12575 


} 72056 


72735 
12819 


72900 


72981 
73062 


— . 


73143 


173223 


73304 
73384 
73464 


73544] 7. 


73024 
73703 
73783 
73862 


173941 


74020 


74099 
74178 
74257 
74335 
74414 


24492 


74547 
174624 
7470 
74780 
74858 
74235 


7505 
75082 
75159 
75230 
75312 
75389 


75435 75442 


755 75519 
7. 75595 
756 664 


75671 


75740 75747 


75815 
75891 


75823 


75899] 7590 
75974 


76275 
5 1 | 


+ | 


754 8 
75534 


' 756T0 
75686 
75762 


74838 


75989, 


76065; 7 
3 76140! 76148 
76215 76223 
76290! 762 278 


34 24 


3 


Elfen 75922 


75465 
75542 
75618 
75094 
75770 
75846 


13997 


O72 


76005 


—_— A— 


75012 
75089 
75166 
75243 
75320 


15397] 
15473]. 
75549 


75626 
7570 
75778 
75853 
75929 


76080 
76155 
76230 
76305 


70373 


Soy 


14554 
74632 


74710 
74788 
7486.5 
14943 


75033 
75709 
75755 
75861 


75937 
76012 


76238 


ö 


74958| 
75035 


74570 


74648 
74726 
74803 
74881 


75113 
75189 
752.66 
75343 
75420 


75717 


74793173 
75808 5 
1594-1 7 
70020 
769831 7 
16173; 7 


15 7565 


3} 7611c 
| 7018% 


| 7033: 


1594, 


7.5 120) 


74197 
75274 


75351] 
7.5427, 


75504 
7558; 


7573% 


S 75808 


75884 


7595 9 
7003. 


76269 


8 | 9 | 


ay 


I 


[1 
| 
- 


— ——ẽ — . — — — ＋ͤ—  — / 


——— — nm tt 
rap — 


TABLE or LOGARITHMIC NUMBERS. 


_ 


r 
76343! 76350 76358 76373 76380 763880 76395 76403 
76418 70425, 76433 76447 76455 76462] 76470| 76477 
76492 76500, 76507 76522 76530 76537] 765440 70553 
76567 76574 76582 76597 76604; 766110 76619 76626 
76641! 76649; 76656 76671 76678] 76686] 760693] 76701 
585] 76716; 257223 76730 26745 76753] 76760 70768 76775 
76790 76797 76805 75879 76827 76834 76842 76849 
| 768641 768771; 76879] 7 76893 76901 76908] 76916 76923 
76938 56945 569 52 76967 76975 76982] 76989; 76997 
77012] 77019 77026 7704 77048] 77056} 77063| 77070 
þ 77085! 77093! 77100 77115 77122] 77129] 77137] 77144 
11 77159 771660771730 77188] 77195] 72203 77210 77217 
| 77232 7724077247 77261] 77269 77276 77283 77291 
. 77305 77313] 77320 77335 77342] 77349] 77357 77364 

{1 77379 7738677393 77408] 77415 77422 774300 774271 77444 

i *| 77452] 77459] 77466 77481] 77488] 77495] 77503j 775100 775 
þ 77525 7753277539 7755477561 7756877576 77583 
1 5] 77597] 77005] 77612 77627 77634] 77641] 77048] 77656 
4 77670 7707 77685 77699] 77766 77714 77721 77728 
14 | 77743] 77750 77757 77772] 77779] 77786} 77793/77801 
14 77815 77822} 77830 77842) 77851] 7786977866 77873 
4 77887} 77895 77902 77916] 77924] 77931 77938 77945 
11 77960] 77967] 77974 77988] 77996] 78003| 78010 78015 
; 278032 78039 78046 78061] 78068] 72975] 78082] 78089 
1 | 78204| 78111] 78118 -| 7813-| 78140} 78147} 781547801 
1 . 78170 78183] 78190 78197] 78204] 782110 78219 7822678233 
i 9078247 78254} 78262 78276] 78282] 78299] 78297 78305 
i | 78319] 78326} 78333 78347 78355 78362 78869 72376 
| 78390] 78397] 78405 78417 78420 68433] 78440 78447 
| 78462} 78409) 78.456 Sage 78497] 78504| 78512] 78519 
{ 78537] 7854 7854; 78561] 78569 78576| 78583 78590 
: 7860. 7861778618 7863 3 78640 78647 98654 78663 
h 78675 78682] 78689 | 78704] 78711] 787180 78725| 76732 
78746] 78753] 78769] * 78774] 78781] 73789] 78796] 78803 
| 7881778824 58331] 78; 78845 78852] 78859] 7886678872 
7888878895 7890278 789760789230 78930 78937 78944 
Fass 78965 78972 789860 7890 7900 79007] 79014 
71 79029] 79036] 79043 79957] 79064 79071] 79978] 79085 
79099 79106 79113 79127 79134] 79147] 79148] 79255 
79109] 79170] 79183 79777 79204 7921] 79218] 79225 
79239] 79246079253 79267 79274 79281] 79288 79295 
23802122319 79323 7 79337] 79344) 79351] 793 7936; 
19379] 7938679393 79407 79474 79421] 79428 79435 
347944979456 79463 79477 79484 79491] 79498] 7950s 
7951 79525 79532 7 795461 79553 79550 79567 79574 
79588] 79595} 79602 79616| 79623| 7963gþ 79637 79044 
79657 79664 79571 79685 79692 79099] 7970679713 
79727] 79734] 79741 79754 79761] 79768] 79775| 79782 
79796 79803 79810 79824) 79831] 79837] 79844| 79857; 
79865] 79572, 79879 79893 79900 79906] 79913] 79920 
79934] 79941 79948 79969] 79968 79975] 79982} 7998, 
80003} £0010, 8oor 7 80030 80037] 80044] $oogx| $9955 
80072] 80079 80085 86099] 80106| 80113] 80120 80127 
80140 $0147] 80164 801680 80175 80182] 80188 80195 
8209 80216 $0223 80236 80243 $0250] 80277 89264 
8027 7] 80284! 80291 80305| 803120 80318] 80325 80332 
80346} 80353; 80359 80373] 80380| 80387] 80393] $0400 
80414 804211 80428 80441 S0 Soars! 80462 80468 
80482 Bo48g 80496 80509] 80516| 80523) 805 30; 805 36 
80550] 80557 80564 80577 80584} 80591] 80598} 80604 
1 0 1 * „ "1 6 7 | 8 


459 > — 4 —C — a _ — . 
* 8 * . - -. PR - Joe, 


4 


* tk n r 2 
— — 


TABLE or LOGARITHMIC NUMBERS. 


OS REY 


i _ 4 —— 


1 S *4 3 4 \ 


5881823 


582282 


5 O | 
80618 


80686 
80753 
80821 
80889 
80956 
81023 
81090 

1157 

1224 
81291 
81368 
81425 
81491 
81558 


81024 
81690 
81757 


81889 
81954 
32030 
82086 
82151 
82217 


82347 
82413 


82478 


| $2547) 


82007 
82672 
82737 
82802 


8305 
03123 


82866, 
5} 82930 82937 
82995 


$3187, 


80625 


80693 


80760 


80828 
80895 
80963 


88632 
80699 
80767 
80835 
80902 
80969 


81030 
81097 
81164 
81231 
81208 
81365 
81431 
81498 
8164 
81631 
81697 
91703 
81829 
81895 
81961 
82027 
82092 
82158 
82223 
82289 
82354 
82419 
82484 
52549 
82614 
82679 
82743 
82888 
82872 


83001 
83065 
83129 
63193 


81037 
81104 
81171 
81238 
81305 
81371 
81438 
81505 
81571 
81637 
31704 
81770 
81836 
81902 
81968 
82033 
82099 


82164 
$2230 


82295 


82360 
82426 
82491 
82556 
82620 
8268. 
82750 
82814 
82879 
$234; 


83008 
83072 
83136 
83200 


vo 
80038 
80706 
80774 
80841 
80909 
20979 
31043 
81111 
81178 
81245 
81311 
81378 


81445 


81511 
81578 
81644 
81710 


81776 


81842 
81908 
81974 


82040 


82105 
82171 
82236 


32302 


82367 
82432 
82497 
82562 
82625 


82692 


2756 
82821 
8288 5 
32950 
83014 
83078 
83142 
83206 


$1050 


81385 


81915 


82178 


80652 
80720 
80787 
80855 
80922 
80990 
81057 
81124 
81191 
81258 
81325 
81391 
81458 
81525 
81591 
81657 
81723 
515856 
81921 
81987 
82053 
82119 
82184 
82249 
82315 
82380 
82445 
82510 
82575 
82040 
02705 
62769 
02834 
82898 
82963 
83027 
83091 


80645 
80713 
80781 
80848 
80916 
80983 


81117 
81184 
81251 
81318 


81451 
81518 
81584 
81651 
81717 
81783 
81849 


81981 
82046 
82112 


82243 
82308 
$2373 
92435 
82504 
32569 
82632 
82698 
82763 
82827 
82892 
62456 
6302C 
83085 


831.5 


83139 


63213] 83219 


80659 
80726 
80794 
80862 
80929 
80996 
81064 
81137 
81198 
81265 
81331 
81398 


$ | 0 e | 9 
80665 


80762 
80733} 80740 
80801 
8086 

80936 
1 1 
81070 
81737 
81204 
81271 
81338 
81405 


80875 
30942 
81010 
81077 
81144 
81211 
81278 
81345 
81411 


81465 


81531 
81598 
81004 
81730 


81790 
81802 


81928 
$1994 
82000 
82125 
82191 
82250 
82321 
82387 
82452 
82517 


$2582 


32646 
6271: 
82770 
62840 
82905 
82969 
83033 
33997 
63464 
83225 


82975 8 


81478 
31544 
81611 
81677 
61743 
81809 
. 
81875 
81941 
82007 
32073 
82138 
82204 


81471 
81538 
81604 
81671 
61737 
81803 
81869 
57935 
$2090 
92066 
82132 
82197 
82203 
82328 
92395 
8245 
825 23 $2530 
82588 25 
82653 
52718 
82782 
62847 
82911 


0 
13 

>J 
* 

ww 


$3040; 
33104) l 


80808| 8 


$0675 
8074; 
0814 
80882 


80944, 


81017 
81084 
81151 
81218 
8128.5 
81351 


81412 


81485 

87551 
8101; 
8168. 
81750 
81816 
8188 

$1946; 
82014 
82079 
82145 
82210 


82270 


82341 
82406 
82471 
82530 
82601 
82660 
32730 
82795 
82860 


85283 83289 
$3347] $3855 
83410; 93417 
5573 . 
5501 53607 
83664 $3670 
$3727] 88727 $3734 
53785/83790 83797 


83847) 83853 $3860 
, $3923 


83276 
83340 
83404 
8346; 
$3534 
83594 
$3658 


83270 
83334 
83398 
83461 
83525 


63204 
$3327 
83291 
83455 
62518 
83582 $3589 
83645 63651 
83708 8: 

83771 
83835 
33897 
83960 


33251 83257 
| $3315" 83321 
$3378 83385 
3442 83448 
5 83512 
83.575 
83639 
83702 
33765 
83828 
5 5 83891 
83948 83954 
8401 T 84017 
84073 Saodc 
84136 84142 
84198 84205 
84261 84267 
84323 84330 
84386 84392 


$3359! 83366; 83 


$3613 
83677 


83973 33988. 
84023; 84229} 84030 2 84048 

84086! + 8409 84711 
| 5} 841010 
84223 
84286 
| 34349 
84410 
84469] £44731 8 


7 84372 
$4435} 84441 
64497; 84:04 


099], 24448 84454 84. 
E O pf W- 


—— —— re en no ma 
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63 TABLE or LOGARITHMIC NUMBERS. 


No. 


707 
708 


11 83 =} y 
*.3 I oo Go 
EAR; il 


OW 


745 


2j 867099 


746, 
747 


757 
752 


Ne. 
+2 


| 87216 


O 


1 


8 


1 


700 8451 84510, 845 22 
701. $4572 84578, 84584 
702 84634 84640 84645 
703. 84696 84702; 84708 
704' 84757; $4763 84770 


$4819. 74825 84831 


85003 


85065 
2 85126 85132 


85187 


85009 
85071 


85193 


84880 84887 84893 
84942 84948 £4954 


85016 


8.5199 


85 309. 


$5431, 


85612 
85673 


85733; 
85794 
2| 85854) 
88714 


85974 
86034 
86094 


861538 
8621308 
9186273 


$0332 
86392 


864518 
2| 86510 
40570 
ere 
86628] 0 


60747 
$6806 
86864 
86923 
85982 
37040 


87157 


87274 
87332 


21 85248 85254 


85315 


714 $5370 85376 
85437 
716] $5491; 85497 
1 85552! 


=o 


88558 
85618 
85679 
85739 
85800 
8586 
55% 2 
859 


86870 
86729 
3698 
87c 4c 
87105 
87163 
87221 
37280 
$7339 


1748; £7390, $7390 
74% 87448 87454 
750 87506, 87512 
67564; 87570 
8762 87628 
753; $1079; $7685] 
754 87737 87743 
1755: 87795 87800 
736, 87852, 87858 
757 87910! 87915! 87921 $7927 
758 87967! 87973 | 

759, 88024 88030 88036 88041 83047 


87978 87984 $7980 


* 


85 260 
85321 
85382 
85443 
85503 


$5025 


85745 
85806 
35866 
85926 
6586 
80046 
86186 


59 860165 


86225 


86285 


85077 
85138 


85685 


3 


85083 


85327 
85388 


85509 


85564 85570 


85031 
85691 
95751 
85812 
65872 


66252 
86112 
86171 
66231 
86291 
86330 


87806 87832, 8 
f 


! 


37864: 87869 


84528 84535 
84590 84597 
84652 84658 
84714 84720 
84776 
84837 
84899 
84960 
85022 


85144 


85 205 
85266 


85449 


65932 
85992 


7 


— 


ES 


- 
Ul 


a 


84782} 


84842 


84541 
84603 
846655 
84720 


84547 
84609 
84671 


84794 
885 


84733 
84788} 8 


84850 


84615 


54905 
84967 


85028 


85089 
85 150 
85211 


84911 
84973 
85034 
85095 
85156 
85217 


54917 
84979 
85040 
85101 
85163 
85224 


84985 
85046 
85157 
85169 
85230 


85272 
85333 
85394 
85455 
85516 
85576 


CT 
— — — 


65037 
85697 
85757 
85818 
85878 
£5938 
£5998 
$6058 
86118 
86177 
86237 
86297 


86350 
86415 
9 80475 


805 34 
$6593 
86052 
$0711 


86770 
86829 


86888 


50947 


870 


rh 37064 
37122 
87185 
87239 
57297 


87355 
07415 
37471 


387529 


87587 


87875 
87933 


85 278 
85339 
85400 
85401 
85522 
85582 
855643 
85 703 
85763 


86064 
86124 
86183 
86249 
8630. 
8636. 


85717 


85824 
85884 
85944 
86004 


864211 8 
66483þ © 
8054c| 6 
86599 
8665: | 


8677086 
868358 
- 86894] © 
8695 2| © 
87011| 


$5285 
65345 
85406 
85467 
855 28 
65588 


85291 
85352 
85412 
85473 
£5534 
05594 


03 V4y 
85729 
85769 
85830 
85890 
65950 
$6010 
| 60070 


86130 
86187 


86249 
8630 


85055 
85715 


$3553 


84559 
84621 
84677 84683 
84739 84745 
84800 84807 
84862 84868 


84924 


84930 
84991 
8505 2 
85114 
85175 


85297 
85358 
85418 
85479 
85540 
85600 


85236] 8 


* 


> 1 


8.5001 
(85721 


85774 
85830 
85896 
85950 
86016 


85781 


85842 
85902 
85962 
86022 
86082 
86141 


i} 86201 
| 86261 


60320 
86380 
86439 


* 


3186499 


80558 
86617 


86676 


86735 
86794 


86853 


86911 
86970 
87020 


87070 
87128 
8718 
87249 
87 30% 
87361 
37419 
87477 
87535 
87593 
87651 
87708 


07075 
87134 
87192 
67251 


$7309] 8 


97307 
57425 
87483 
37541 


87599 
87656 


37714 


57007 
87146 
87204 
87262 
87320 


3187379 


87437 
87495 
67552 
87610 
87668 
87726 


87766 
87827 
87881 
87939 
87990 


5 


88152 


87772 
37829 
87887 


88001 
88058 


87944 


88064 


87783 
87841 
0 


87955 
88013 


88070 


8789804 


1 


8 


0 | I [ 2 | 3 | 4 | 


— 


EREISIEDS HP DR Anat te SIO 2b, 9 811 : 
RO: Ma Xt 3 F 2 : 


TABLE or LOGARITHMIC NUMBERS. 65 


760 


— —— 


2 89321 


51 


815 91116 


816 
817; 


O 
38081 
88138 
88195 
88252 
88309 
88366 


1 5 
88087 
88144 
88201 
88258 
88315 
88372 


1 


3 


* 


5 


* 


88093 


88207 
38264 
88321 
88377 


88423 
88480 
88536 
88593 
88649 
88705 
88702 
88818 


88874 88880 


88930 


88986, 
89042: 89048 
89098, 
89154 
1 89209! $9215 


89265 


89376 
69432 
89487 
89542 
89597 
89653 
89708 
89703 
89818 
89872 
8992) 
89982 
90037 
90091 
90140 
90200 
90255 
90399 
90363 
90417 
90472 
90526 
90580 
,*2633 
90687 
90741 
90795 
90848 
90902 
90956 
91009 


91062 


91169 


88429 
88485 
88542 
88598 
88055 
88711 
88767 
88824 


88930 
88992 


89104 
89159 


89271 
89320 
89382 


89437 
$9492 
89548 
89603 
89658 
89713 
89708 
89823 
89378 
89933 


89988 8 


90042 


88434 
88491 
88547 


88660 
88717 
88773 
88829 
88885 
88941 
88997 
89053 
89109 
59165 
89221 
89276 
89332 
89387 
89443 
89498 
8953 
89609 


822719 
89774 
89829 
89883 
89938 
9993 
90048 


88150 


88604 


89664 


90097 
90151 
90206 
50260 
90314 
90369 
90423 
90477 
90531 
90585 
90039 
90093 
90747 
90800 
90854 
90907 
90961 
91014 
91068 
91121 
991174 
91228 
91281 
91334 
DF 


90102 
901g 
90211 
90266 
90320 
90374 
90428 
90482 
90536 
90590 
90044 


! 


88098 
88156 
88213 
88270 
88326 
88383 


88440 


88497 


88553 
88610 


88666 
06744 
$8779 
88835 
88891 
88947 
89003 
89059 


89115 


89170 
89226 
89282 
89337 
89393 
89448 


89504 


89559 
89614 
89669 
89724 
89799 
89834 
89889 


8994408 


89998 


900539 


9008 
90162 
90217 
90271 
90325 


90350] 9030 


90434 
90488 
90542 
90596 
90650 


906980 90703 


90806 
90859 
90913 
90966 
91020 


91073 


91180 


91233 
91286 


90752 90757 


90811 
90865 
90918 
90972 
91025 


88105 
88161 
88218 
88275 
88332 
88389 
88446 
88502 
88559 
88615 
88672 


922214 
| 99768 


91078 


91126091132 


91185 
91238 


91291 


2 


— 


913440 91 


3 


88110 83116 


88167 
88224 88230 


88281 


88338 
88305 


88451 88 
88 508 


88173 


88287 
88343 
88400 


457 
88513 


98564 885 70 
88621 
88677 


88734 


88627 
88683) 
88739 


| 84076 


89575 


90336 
90390 


3] 90179 


88795 
88852 


88908 
88964 
89020 


89131 
85187 
89243 
89298 
89354 
89409 
89405 
895 20 


89631 
89626 
89741 
89796 
89851 
89905 
89960 
90015 
90069 
90124 


90233 
9028 
90342 
90390 


99444 
90499 
90553 
90607 
90660 


90822 


90875 
90929 90934 
90988 


91036, 
91089 


91142 
91196 91201 
91249 
91302 91307 
9821357 91 


5 


90982 


90450 
90504 
90558 
9062 
90666 
90720 
90773 
90827 
90881 


91041 
92094 
91148 


991254 
360 


1 
88121 


88178 
88235 


88292 
88349 


88406; 8 


$3463 
88519 
88576 
88632 
88689 
88746 


88801] 8880. 


88857 
88913 
88969 
89025 
89081 


89137 891 


89193 
89248 
89304 
89360 


8941508 


89470 
89526 
89581 


896360 


89691 
99746 
89801 
89856 
89911 
89966 
90020 
900735 
90129 
90184 
90238. 
90293 
99347 
90402 
90455 
90509 
90503 
90617 
90671 
90725 
90779 
90832 
90886 
90940 
90993 
91046 
91100 
91153 
91206 
91259 
91312 


91365 


6 


— 


— 


— —— 
r — — — 
— es = — — 2 — 


—— 


— 


. 
. 


— Ate ow — 


4 


. 
4* 
; 


r 
2 


— 
— * * 
rr * - 


— 


— 


r 
93247 


91381 

91434 
9148; 
91540 
91593 
91045 
91698 
7191751 
91803 
91855 
91908 
191060 

92012 
9264 
92117 
92169 
92221 
92273 
92324 


9242 
92480 
92531 
3] 92385 
92634 
5| 92686 
92737 
92786 
92840 
92891 
92942 
92993 
93044 
93895 
93146 
23197 


| 93298 
93349 
993399 


93500 


| oO | 


92370! 


O 


49 
—2 94322 


1 


91440 
91492 
91545 
91598 
91651 
97703 
91250 
91808 
91861 
91913 
91965 
42018 
92070 
92122 
92774 
92220 
92278 


97587 


2 


3 


3 


91392 
91445 
91498 
91551 
91603 
91656 


91397 
91450 
91503 
91556 
91609 
91661 


91709 
91761 
91814 
91866 
91918 
91971 
92023 
92075 
92127 
92179 
92231 
92283 


91714 
91766 
91819 
91871 
91923 
91976 
92028 
92080 
92132 
92184 
92236 
92282 


91455 
91508 
91561 
91614 
91666 
91719 
91772 
91824 
91876 
91929 
91981 
92033 
92085 
92137 
92189 
92241 
92293 


91403 


51403 
91467 
91514 
91566 
91619 
22 
91724 
91777 
91829 
91882 
91934 
91986 


- 


49 TABLE or LOGARITHMIC NUMBERS. 


91473 
91466 
91519 
91572 
91624 
91677 
91730 
91782 
91834 
91887 
91939 
91991 


91418 


91630 
91682 
97735 
91787 
91840 
91892 
91944 
91997 


92038 
92091 
92143 
92195 
92247 
92298 


92330 
92381 
92433 
92485 
92536 
92588 


— — 


92639 
92691 
92742 
92793 


92845 


92896 
92947 
92998 
93049 
93100 
93151 

3202 
93252 
93303 
93354 
9 3404 


93450 93454 


9350s 
93556 
93606 
93656 
93707 


2 93757 


93807 
93857 
93907 


| 93957 


94007 
94057 
94106 
y4I56 
$4706 
94255 
94305 
94354 


I 


93105 


93510 


1 


9233 


92387 
92438 
92490 
92542 
22593 
92645 
92696 
92747 
92799 
92850 
92901 
92952 
93003 
93054 


93150 
23287 
93257 
93308 
93359 
93409 
93460 


93501 
93011 
93661 
93712 
93762 
93812 
93862 
93912 
93962 
94012 
94062 
94111 
94161 
94211 
94260 
9431 

94359 
94409 

2 


92340 
92392 
92443 
92495 
92547 
92598 
92650 
92701 
92752 
92804 
92855 
92906 


92957 
93008 
93059 
93110 
93161 
93212 
93263 
93313 
93364 
93414 
93405 
935I5 
93506 
93616 
93666 
93717 
993767 
93817 
93867 
93917 
93967 
74017 
94067 
94116 
94166 
94216 
94265 
94315 
94364 


e 


94414 


92345 
92397 
92449 
92502 
92.55% 
92603 
92055 
92706 
92758 
92809 
92860 
92912 
92962 
93013 
3064 
93115 
93165 
93217 
93268 
93318 
93369 
93420 


93470 
93520 


993571 
93621 
93671 
93722 
93772 

93822 
93872 
93922 
93772 
94022 
94072 
94121 
94171 
94221 


| — — 
1 


92350 


92402| 


92454 


92505 


92557 
209 
92660 
92711 
92763 
92814 
92865 
92916 
92967 
93018 
93009 
93120 
93171 
93222 
93273 
93323 
993374 
93425 
93475 
93526 


73125 


92044 
92096 
92146 
92200 
92252 
92304 
9235 
92407 
92459 
92511 
92562 
92614 
92605 
92716 
92768 
92819 
92870 
92921 

2973 
93024 
93075 


93176 
93227 
93278 
93328 


93379 
93430, 
93480 


93531 93536; 935419354 


93576 
93626 
73676 
93727 
93777 
93827 
93877 
93927 
93977 
94027 
94077 
94126 
94176 
94226 
94275 


——_—— 


93581 93596, 93591 
93637 93636 93041! 
93682 93687 93692 
93732. 93737 93742 
93782 93787 93792 
93332 93837, 93842 
93882 93887 93892 
93932 93937 93947; | 
93982. 93987 93992 
94032 94037 94942 
94082 94086 94091 
94131 94136 94141 
54187 94186 94191 
94231 94236 94240 
94280 94285 94290 
94330 94335 94340 
94379 94384 94389 
94428 94433 24438 94443 


6 | 


92049 
92101 
92153 
92205 
92257 
92.309 
92361 
92412 
92404 
92516 
92567 
92619 
92670 
92722 


| 93773-92778 


92824 
92875 


929271 925 


92978, 
93029 
9 3080 
93131 
93181 
23232 


93283! 
93334; 
93384 
93435; 
93485 


© 914242 

91471 914779 
915 24 9152991 
91577 91582 


91635 


91687 


91740 
91793 
91845 
91897 
91950 
92002 
92054 
92106 
92158 
92210 
92262 


92314 


92366 
92418 
92469 
92521 
92572 
92624 
92674 


93285 
93339 
93389 
93440 
93490 


— — 
ba, 


8 


Ix 


880 94448 
94498 


TABLE or LOGARITHMIC NUMBERS. 


94547 
94526 
94645 
94624 


886 94742 


94792 
94841 
94890 


— 


3 


— — — — — Oaeat TE SSITEIAIG? 7 o> 


4 


94453 
94503 
94552 
94601 
94659 
94099 
94748 
94797 
94840 
94895 


94939 94945 
94988, 94993 
95036 95041 
95085, 95090 
95134 95139 
95182 95187 


6] 95231 95236 


95279 95284 
95328 95332 
95376 95381 
95424 95429 


195472 95477 


95521 93325 


103] 95509 95574 


95617 95622 
95665 95670 
95713 95748 
95761 95766 


95809 95813 


95356 95561 


94438 
94507 
94557, 
94606 
94655 
94704 
94752 
94802 
94851 
94900 
94949 
94998 


94463 
94512 
94562 
94611 
94060 
94909] 
94758 
94807 
94856 
94905 
94954 
95002 


95046 
95095 
95143 
95192 
95240 
95289 
95337 
95386 
95434 
95482 
95530 
95578 
95626 
95674 
95722 
95770 
95818 
95866 


95904 95909 


95914 


* | \ 


95952 
95999 
96047 
96095 
96142 


95957 
96004 


96052 
96099 


96147 


95961 
96009 


96057 


95¹ͥ 
96152 


96190 
96237 
96284 
96332 
96379 


96426 


90473 
96520 
96567 
96614 
96661 
96708 


96194 
96242 
96289 
96336 


96383 
96431 


96478 
90525 
90572 
96619 


96660 


96713 


96199 
96246 
96294 
9785 


9 6388 
96435 


90483 
96530 
96577 
96624) 
96670 
96717 


90755 
96802 
968.48 
96895 
96942 
9690s 


96759 


96806 


96853 
96900 
96946 


96993 


96764 
96811 
96858 
96904 
90951 
90997 


97035; 97029 
97081! 97086 
97128 97132 


97174) 
97220 


97307 
"os 


97179 

97226 

97%71 
I 


97044 


97090 

97137 

97183 

97230 

97270 
2 


95051 
9510 
95148 
93197 
95245 
95295 
95342 
95390 
95439 
95487 
95535 
95583 
95631 
95679 
95727 
95775 
95823 
95871 
95918 


95966 
96014 


96061 
96109 
96756 


90204 
96251 
96298 
95346 
90393 
96440 
70487 
96534 
96581 
96628 
96675 
96722 
96769 
96816 
96862 
96909 
96956 
278802 
97049 
97095 


| 


97141 
97188 


94468 
94517 
94567 
94616 
94665 
94714 
94763 

94812 
$4861 


94910 
94959 
95007 


— 


1 a 
p 


9150 
94522 
94571 
94621 
94670 
94719 
94768, 
94817 
94866 
94915 
94963 


95014 28217 


95056 
95105 
95153 
55202 
95250 
95299 


95001 
95109 
95158 
95207 
95255 
95393 


94478! 
94527 
94576 
94626 
94675 
94724 
94773 
94822 
94871 
94288 
9496 


95066 
95114 
95163 
95211 
95 260 
95308 


95347 
95395 
95444 
95492 
95540 
95588 
95636 
95684 
95732 
95780 
9582809 
95375] 9 
95923 
95971 
96019 
96066 
96114 
96161 
96209 

4 
96303 
96350 
96358 
96445 
96492 
96539 
96586 
96633 
96680 
96727 
96774 
96820 
96867 
96914 
96960 
97007 


95353 
95400 


96118 


96355 


96497 


95448 
95497 
95545 
95593 
95641 
95689 
95737 
95785 

95832 

95880 


95928 


959761 


96023 
99071 
26166 
96213 


96261 
96308 


96402 
96450 


90544 
965971 
90638 
9668 5 
96731 
96778 
96825 
96872 


96918! 96923 96928 
96965} 96970 96974 
97011 97016 97021 


95218 


95357 
95405 
95453 
95501 
95550 
95598 
95646 
95994 
95742 
95789 
95837 

95885 
95933 
95980 
96028 
96076 
96123 
96177 


96265 
96313 
96360 
96407 
96454 
96501 
96548 
96595 
96642 
96689 


95890 


907306 
967 783 
96830, 
96876 


97053 
97100 
97146 
97192 


97234 97239 
97280, 97385 


* 


l 


97058, 97063 97067 
97104) 97109, 97114 


97151 


97197/97202 97206 
97243 97248 97253 
97290 97294 97299 


97755 


2 
94483 


94532, 
94581 
94630 
94680 
94729 


94778 94783 94787 


74485 
94537 
94586 
94635 
94685 
94734 


* $4 — — 


7* 


— 


94493 
9444 
9459 
94630 
946 

94738 


94827, 94834 94836 
94876, 94880 9488 


94924 
94973 


650"2/ 95927 950323 
95071, 95075 95080 
9119 95124 95129 
95168 95173 95177 


95216, 
95265 


95313 


9536795366, 9537 


95419, 
95458 
95506; 
95554! 
95602 


95650! 
95698 
95746 
95794 
95842 


— 
93785 
96033 
96080 
96128 
90125 
96223 
96270 
96317 
96365 
96412 
96459 


9492 
9497 


95221 
95270 
95318 


95415 
95463 
95511 
95559 
95607 
95655 
95703 
95751 
95799 
95847 
95396 
95942 
95990 
96038 
96085 
96133 
96180 
90227 
96275 
96322, 
96 36g 
96417 
90464 


96506 
96553 
90600 
96647 
96694 
96741 
96788 
968324 
96881 


97160 


96511 
96558 
96605 
96652 
96699 
96745 
96792 
968 39 
90836 
90932 
96979 
9702 
97072 
97118 
97165 


94934 
94983 


952.26 
95374 
9532 


95419 
95468 
9551 
95.504 
95612 
95660 
95700 
95756 
95804 
9585 

95899 
95947 
95995 
96042 
g609c 
96137 
96185 
9623 
96 BO 
96327 
90374 
96421 
96468 
90515} 
96562 
96656 
90703 
96750 
90797 
96844] 
9685c 

90947 
96984 
97030 
97077 

97123 
97169 


97211 
97257 


97304 97308 


8 


97216 
97262 


9 


» 
_- 


OF FEE WE LEE "IS —_— 
. 


077 | 
178, 99034 


579 
980 
981 
582 
9283 
84 
785 
986 
88 

5 
990 
91 
92 
993! 
77 


58577 98682] 580 


98989 


99078 
99123 


992171 


99255 


99300 
99344 
99388 
99432 
99470 
99520 
99564 
99007 
99651 
92695 


{| 97781 
23 97827 


9427873 


98236 


98372 


90305] 98909 


98.78 
99943 


99436; 99441 


4 99528 
99615 


99737 


5 9978; 


99826 


7i 99870 
99913 


99957 
0 


99325 


9901! 99965 


3 


4 


97322 97327] 97331 


97552 


97690 
97736 


97918 
97964 
98009 
98055 
98100 
98146 
98191 


98281 
98327 


; 
1 


754 97598 
97644 


98417 
98462 
9850 
9 52 
98597 
98641 


98731 
98776 
988 :0 
9885 


98954 


99087 


799131 
92167 | 


99176 


99308 
99352 
99396 


97484 
99572 
99660 


99147 
99791 


99922 


2 


97419 


97511 
97557 
97603 
9704; 
9769. 
97740 
97786 
97832 
97877 
97923 
97968 
98014 
9809 
98105 
98150 
98195 
98241 
95286 
98332 
9376 
98421 
98466 
98511 
98556 
98601 
98646 
98091 
98735 
98780 
98825 
98369 
98914 
939358 
99703 
92047 
99932 
99130 


99180 


99357 
99401 


— ——— — 


99445 
97480 
99533 
99577 
99021, 
9964 
99723 
99752 
99795. 


97368 97373] 97377] 9: 
| 97414 
56] 97460 97465 
: 97506, 


97424 
97470 
97516 
97562 
97607 
97653 
97699 
97745 
97791 


978360978 


97882 
97928 
97973 
98019 
98064 
98109 


98155 


982000 9 


98245 
98230 
98336 
98381 


98426 | 


98471 
98516 
98561 
98605 
98650 
98695 
98740 
98784 
93829 
95874 


98918| 989: 


98963 
99007 


99052 
99096 
99140 
97185 


| 99220, 99224, 9922) 
99264 99265; 99273 
97313 


99317 
99361 
99405 
99449 
99493 
99537 
99581 
99625 
99669 
97712 
99750 
94300 


99339! 99833 
9.878 97883. 99587 


99320 


99979. 
= 


99930 
99974 
i 


| 99254 


98390 


5] 98570 
98635] 99659 


0 


97340 97345 
97387 97391 
97433 97437 
497479 97483 
97525 97529 
N75 
97617 97621 97626 
97663 97667 97672 
97708 97713 97717 
97754. 97759 97763 
97800, 97804 97809 
97845 97850 978550 97859 


7 


97891 97896 


97937 


97982 
98028 


a] 981181 9 
98164 


98209 


98299 
98345 


98435 


98480 98 


98525 
98614 


98838 
98883, 


98927 


98972 
99016 


99061 
99106, 


99149 
99193 


923399238 
99282 


99326 


99370 


99414 


97941 
97987 


98843 
08887 


98932 


98976] 9 


99021 
99005 
9289 
99154 


2292 


99242 
99286 
99330 


99374 


99419, 99 
99453, 99462, 99467 
97498 990 99506 ggg5r1 
99542; 99549 99550 99555 
99585 99599. 99594 99599 
99629 99634, 99038 | 
99673 99677 99682, 99686 
99717, 96727 2975 99730 
99760 99765 99769: 99774 
99804 94808 97813 gy817 
99848 99852 99856 99861 
99891 99896 99900 99904 
99935 99939 99943: 99948! 99952 
99973 99993 99987 99991; 9999 


' 5 
97350 
97396 
97442 
97488 
9753409 
97580] 


423 


99042 


34s 3 E 9 


to Deg.) TABLE of Logarithmic * &c. 


73 


Co- ine Tang. |Co-tang.; 


# 0 0.00000 
11 6.40373 
126. 76476 


| 317 57707 
75 7- .bog85 

7.63982 
15 7. 66784 


1277.89 509 
8,7 9108 

129˙7 {+ 92672 
| 307-9: 94-84 


{L0.00000 7. 16270 
ro ooo 7. 24188 


73110.00000:7.4637 3 


IO.00000 7. 54291 


| 9-99999,7-70476 
i 9:9999917.78595 


Io. OOO OO 0.00000 Ininte | 10.00000 Intinite 
10.00000 6.463731 3.536271 10. COOOO 13 _ 7.62642 
o. ooOOο 13. 235 24 
I 3.059I5JIO. 00000 13.059 15 8.58066 
12.9342 Tro. oo 12. 93421. 8.83054 
I2.837 3OjIO. 00000 T2. 837309. 02436 
12.758 12110. ©0000! I'2. 75812] 


10.00000 6.76476 
10.00000 6.94085 
£0.00000 7.06579 


13.2352 


Sccant 


CG-ite. KAY 


4 
—— 
* 
2 


10. 00000 7. 30882 
to. 0000 7.36682 
I0.00000 7.41797 


10.00000 7 505 12 


10.0c000}7.60986 
Ic.coooc}7-03982 
10,00000#7.66 785 
9.99999,7-69418 
9-99999 7-71900 
9. *9999917- 74248 


— 


12.69 117JT0. OOCCO; 


I2.63318 10.000001. 633189.43260 
I2.58203}10.00c00!I2.58203' 9.53491 
I 2.5 362 r. 00000 12. 5362719. 62642 
12.4948 8ro. 00000 
12. 45? oro. oo 12. 45 209 9.78478 


12.4223 3]þ10.00000 
12. 390140. oo 
I2.36018}L0.00000 
I2.332I$$10.0000| 12, 33216 0.03466 
I 2.305824I0.0000T 


I2.28100{1t0.0000T 


8.22848 


9. 9-18272 
I2.691189.31602 


1 2.49488 9.70921 


12.42233 9.85431 
12.39015 9.91868[4. 
12.36018'9.97860' 


12.305 8310. 08732 
72.281000. 13697 


12.25 75 AO. oc 1 


12.235 241 C. oO00T 


I2.2I405}LO0.00001 
I2.19384410.00001 


9-99999 7-8C6I5 
9-99999 7-82546 
9-99999 284394 


| 96959997576 Se 
| 9-99999!7 87877112 


9.99999 7 89510 
9.99999 7.9089 
9.9999817.92613 
9.99998!7.94086; 


I 7.95508 
527 96887 
433, 7.98223 
5 542 8 99320 
4. 8.0077 

408 ee 
| 778551792 
58. 8.04350 
£3 39 18. 05478 
4018.06 5 78 
41 8. 07650 
42 9.08696 


43 8.99718 
443.1071 7 


2 


14495 9 999968.I450c 


9. 9999857 95810 
3.9999 997 96889 
9.99998 7.98225 
9.99998 7.99522 
9.99998 8.00781 
2.22228 8.2 
9.99997, 5.03194 03194 
9.99997 8 04353 
9-9999718.0548: 

9.99997 8.06581 
9-99997 8.07653 


IZ.17454}10.0000I 
I2.15606}10.00007! 


12.0591 4J10-00002 


12.04490110.00002 
I2.03I1IIfIO.00002 
I2.0I 7 7 :FIO.00002 
I 2.0047 & o. ooo 
11.99219 10.00002 
II.9799510.00002 


II.95047 LO.COOOZ 
LI. 94519 Id. OOOO3 
11.93419 * -.OZOOZ 
II. 92347 IO0.COOC3 
I T.9T3ccp10.00CO3 


IT 960 == 3 


9-9999748.08 700) 
9.9999 718.097 22 
9.999968 10720 
9.99996 8.11696 
9.99996 8.12651 
9-999968.13585 


1.9027 8þ[0.00O03 
[T.89280[10.00004 
[1.88 304}[0.00004 
11.87 349] [0.00004] 
11-86415[10.00004 


IT 855cof10.00004 


598.2345 


9.999508. 


6018. 24186 


9-9999 6086.15 395 
9. 9999518. 16273 
9.99995˙8.17133 
9.99995,8 17976 
9.999958. 18804 
19616 


9.99994/8.30413 
9.999948.21195 
9. 99997 8.21964 
9-999948.22719 


I1.845605[10.00004 
11.83727 [0.00005 


11.82024]L0. ©090F! 


11 1796 10.00005;T1.81202}1.0749714 
11.80384q]10.0c0051I1.8039 


I. 82867 10. -0000F| 


12.25 75 240. 5.78393 
12.235 250.2284804. 
12. 21406.0. 2708604. 
12.193850. 31127 
12 17455. 34988 
12. 12.156070. 38684 
12.13834 8.42230 
12. o1112.12r3ols, 45637 
12. 1049 10.4891 
12. 08912 0.5 2074 
12.073880. 5 5 122 
2.05910. 58066 


12.04492 5.66794 
2.03112 0.63672 
12.0177 7.66345 
12. 04800 68938 
11.992210. 7 145.5 
II. 97 —9. 228 73902 


11. 956500. 8598 
IT. 94525 0.8084 c 


IL, 323 85198 
0.87292 


11. 873 735 362-95193 
11. 86419 0.97061 
II.8550540.95890 


' 
5. ME 
4.99987 

4.99975Þ5® 
4.99962] 7 
4.999495 
4-99937Þ5 
4.999244 
4. 9991163 
4.998995 
4.998865 
4.9987 3]5 
4.99861ʃ4 
22984848 


4:99835[47 


4. —_ 
4.99785;43 
4.997722 
4.99759 

4. 99721 3 2 
4. 99708137 
4 4 99696136 
4. 9968335 
4. 99570934 
499658033 
4-99645\3 
99632031 
4. 4.99619) 30 
25 795687029 
4-995 94,26; 
4-99 581127 
4 end rp: 

4 9955 Jas 
4-9954342 

4. «99530þa; 
4-99517;522 
4.995042 
4.994922 


4. 99405 18 


514.9945317 


4.9944TjIC 


514-99428;1 5 


4-994T5jI4 
4.99402 13 
4.99389 12 


11. 84509 f O068 1 
I1.83732f1.0243: 
TI.$2872Þt.0415- 

'TT.82020hT.O5647 


1. 00 120 


. 


I 1.79587[12.00006, 
I 1.78805]}10.00006, 
I I.78035110.00006 
I I.7 7 260jI0.00006 


I1.76538}10. 00006 


9 999948. 23462 


9.99993 8.24192 1 1. 75 808 To. o/ 11. 7581471. 18271 
Sine {Co-tan. Tangent Co- fec. Secant L 


IT.79593fi.10714| 
IT.768I1,;1.1227, 
Ii.78042}1.1381C 
IT.77287;1.15 327 
IT.76544 1.16812 


1.99377 11 
4.993640 
4.99351 9 
4.99339 8 
pe. 7 


4, 9508 
1-99287 
41-9927 aj : 
4.99261 


422225 


„ inefN 


* - ine 


* 


1 


. OY 


4.998T0j4.5 


499479119) - 


4.99248 5 1 


+ 


7 518. 50897 


=_ 
E 247150 9. 99993. 


74 


TankxE of Logarithmic 


(1 Deg.) 


Sine 


== Tang. 88 Secant 


138. 24903 9-99993 
| 2}8.25609 9.99994 
3j8.26304 9.99993 
418. 26988 9.99992 
58.2766 r 9.99992 
8 8.28324 9 99992 


8:8.29621 9-99991, 
9j8.30255 9.99991 


1s 30879 9.9999 r 


28289779 99952 


8.24192 IT. 75808; I0.00000 
8.24910 11.5090 I0.00007 
lo. 25616 11.74384410.00007 
8.26312 T1.73688-10.00007 
18. .26996/17- .73004'I0:00008 
'9.25669'TT.72331110.00008 
299928. 28232 TT. 166810. 000 


8.28966.1I.71014/40.00008 
8.29629 IT. 70371, o. ooo 
8.30263, TT. 697370. ooοοů 
8.30888 11.69112\10.00009 


Co- ſec. V. *-ne 


— — 


1 T. 73012 T. 23877 49918460 
11. 72339. 1.25224 499171 
11.716761. 265 50 4. 99158 $4 


11. 71023½ 1.27856 4.99747 53 


11. 6912111. 31660 4. 99107 cc 


11. 703 7911. 291430 99132 52 
IT. 69745;.. 30411 4.99120 51 


[1.75814 1.16271 4.99235 6c | 
IT.75097 I.19707 499222504 
[T.7439T I-2IIIg 4.992105 
7.73696 1.22509 4. a 
"3.5 


— 


141.8. 46798 9.99981 


189 8.48485 


: 43 8.49708 


5 


118.3 1495 9.9999 1.8.31 505 
1218. 32103 9.999908. 32112 
13832702 9 999908.32711 
ya 8.33292 9.999908. 33302 
I 58. 33875 9.999908 33886 
I0:8.34450 9.999 89,8.34461 
— 35018 9.999898 35029 


8.35578 9.000808. 35 500 
oh 36131 9.99989 8.36143 


i208. 36678 9.99988 8.36689 


21 8.37217 9.99988 8.37229 


2218.375570 9.99988 8.37762 


2318.38 276 9.96987.8. 28289 
24 8. 38796 0.499857 8 38809 


2518.39310 9.99980 8.39323 


| 26 8.39818 9.99986 8.39832 


2 8.40320 9.99986 8.40334 
28}8. 40816 9. 99986,8.40830 
29 8.41397 9.9085 8.41321 
3c 8.41792 9.9998 518.4180 


311842272 9. 9998508 42287 


323. 42746 9. 99984 8.42762 


; 33. 8.43216 9.99984.8-43231 
348. 43680 9.999848. 43696 


35 8.44139 999983344156 
3618. 44594 9-99983;9-44611 


3778 45044 9.99983 8.45061 
38, 8.45489 9.9998 28.45 o 


39 8.45930 9.99982;8.45948 


ae 8.46360 9. 9998288 46 38 5 
46877 
42 8.472269. 5.99981]8.47245 47245 
43 $.37650.9.9998018.47669 47669] 
44 8.48069 9.999898. 48085] 
9.99680j8.4850z 
9-999 7919-48917 
9.99979 -: 49325 
9-99979}-49729 
49 8. 501089. 20 e 50130 
0 8. 50504 9.999788. 50527 
9.999778. 5092 
9.999778. ng 
99997718 5169 
8 532079 
9.99976;8.52459 
9.999 7518-52835 
9:9997519-5 3208 
3-99974.8.53578 
9-99974.8.53945 
9.99974 8.5 4308. 


Sine. 


8.48896 
47: 8. 49304 


52.8.5 1287 
538.51673 
548. 52055 
518. 52434 
6 8.52810 
57853783 

5.53552 
53979 
54282 


g- ſine 


; 


I1.49670 


11.6849 5;10.09009 


1 1.67888, 


1 07289; 
IT, 66698; 
IT.66114; 


IT. 65 5 39,10. COOII 


1.64971. 


11. 64410 
10. O00 Il 
II. 63311110. 00012 
II 62771UIO. 00012 
11.6223 38.20. o0012 
11.617711 


1. 63877 


11.611911 


FO. OOO01O 
10. OOO01O 
IO. OOOIO 
IO. OOOIO 


IO 00011 
10.0001 


O. O00 13 
20.0001 3 


11.6067 7; 
I 1. 6016851 


1 I. 56304 


11. 54939 


11.5 4493110. 000TI 5 
II.540521I0.0001e 
IT.53615{10.0001C 
II. 5 318 3ITO. oo0197 
TI.5275$5þ10.00019 


11.352331 
11.519711 
11.5 1495 
11.5 1083 
11. 70675 
11. 60271 


; 


1.59666: 
11.591700 
11.5867 
11.5819 11 O. 0001. 
11.5771 3J1c. 0001. 
II. 5 23810. o000 1. 
II. 5576810. 0001 
Io. O00. 
21. 55844510. OOO 
11.55 389 T0. 0001 


IO. OOOI 7 
IO. COOI A 
10.0001 
I0.0001T 4 
I0.0001 5 


10.O00O0017 


IO. OOO2J1 


10.0002< 
Io. ooo 
ro. ooo 
IO.COO2 1 
IO.00021 


IT.49473 
I 1.49080 
I1,48690 
11. 48304 
11. 47921 


10.000022 
10. 00022 
IO.CCO2 3 
IO0.0002 : 
10.0002 7 
I0.9002-. 


11.61724 


11. 68 40 5 
11.678970 


1.32892 4.99094 4% 
1.341074. 0981 48] 


11.67298 
11. 66708 
11. 66125 
II. 65 5 50 
1.64982 
1.64422 
11.6386 
11.63322 
11.627832 
11. 62250 


1.61204 


11. 60690 
t. 60187 
11. 59680 
1. 5918 
11. 58693 
1. 58208 
[1.57728 
IT.37254 
I1,5678411 
1.56320 
11.55 861 
1.55406 


0 


11 54956 
1.54511 
L T. 54070 
1.53634 
11.5 3202 
II. 52774 


18 50292 


11.49 10g 
11. 48713JT. 724024. 


1. 52350 
11.51931 
11.515 155 
11.5 1104 
11. 50696 


11 49892 
11. 49496 


1. 5355, 4. 99068 47 
1.364874. 99055 40 
1.3765 304. 99042 45 
r. 3880304. 99029 4: 
1.399 39j4-990T6 45 
T.AT-. e 99003 42 
. 9099) 9 oy gol 
[.43258/4- 9897 77 
b. -44336/4 98965)35 
1. 45403 4.9895 2:38 
1.4645 0%.989 3913, 
1.4749 004. 28920036 
4852449897335 
5 2940 ů 95 775 34 
1.5054 
L. parte: 92804 52 
1. 5 25 184.9886153 
[ +5348} 4. e 
1.544484 3 
1.553974 
56330 
1 57269514 


4. 5880927 
4.98796 26 
[ 362600 5878315 
7, 59098, 4 4 9877024 
L. Gehl 95757123 


1. 60884ʃ(4.98744ʃ22 
1.6176614 98731721 | 
1.626394. 92750120 

1.6350314-98705 19 
1.643 37004 98692 18 
i. s 20014: .98679-17 
£.66046!4-986606z10 
1.668774 9865 3Þ51 
1.67 7004.986404 

1.68515!4. 9862713 
1 1 6932304 98614 12 
1.7012; 7012444. 
I 7091 714. 


IT.48327 


11.4754 
11.471655 
11.46792 
11.46422 
11. 46055 


10.0002. 
I0.0002 < 
I0,0002 * 
10.0002G 
IO 00026 


11. 45692 


10. 002 


— 4 
Co -tan. 4 ang cnt. Co- ſec. 


1.47975. 24019 
1.475 66T. 747784. 
1.47190. 755 30 
{1.4681 711.7627; 
[1.4644811.7 701414. 
[1.460811.7 77414-98470 
I1.45718]1-7849 4[4:98457 


—k ů—ͤ[äg———— 
ö decant 


1.717014. 


1.73244 


9 Deg.) 


1 


— 
* 


— 
* — 


* 


(2 Deg.) Sines, Tangents, Secants, &c. 75 


"Mi Sine [Co-fine- Tang Co-tang. Secant Cu-ſec, f V. Sine 
018 54282 99974 8.54308 11. 45692 10.0000 1.45778 1.78474 4-98457|0 
18.546429. 99973 8.54669 11.4533 1 fo. 00027 11. 4535 801. 79195 4.984449 
258.5 49990.99973 8.55027 11. 44973 10. 00027 11.4500 1r. 299 10 4.98431 
8.55 354.9997 2 8.55 382 1 f. 44618 10. 00028 11. 4464601. 80619 4.98418 
408.55 7059. 99972 8.55 734 11. 44266 10.00028 11. 44295 f. 81322 4.9 840556 
518.5605 449. 99971 8.56083 11.4391) I0.00029 I1.43946Þ1.82019 4.9839 255 
8.56400) 99971 8.56420 I1.43571 10. 00029, 1. 43600-82277 4.282914 
715-50743[9.99979 5 $0773 11. 43227 10. 00030 f T. 4325 7.83398 4.930663 
88.570849. 99970 8.57114 11. 42886 10. 00030 11. 4291611. 84079 4.9835 2 
98.574219. 99969 8.5 745 2 11. 42548 10. 00031 1 1. 425 79 f. 84755 4. 9833951 
7058 577579 99969 8.57788, 11. 42272 10.0003 1 11. 422430 f-· 85426 4-98 3265 
r 108. 580899.99968 8.58121 Tf. 41870 10.000321. 4191 f. 86091 4.831340 
1258.584199. 99968 8.58451 11. 41549 10. 00032 11. 41581 86752 4.98 300.4 
1348.587470. 999% 8.58779 1.41221 10.0033 T1. 4125 f- 87407 19828747 
1418.590729. 99967 8.59 105 T1. 40895 10. 00033 11. 40928 ene 
1518.5930 9.99966 8.594281. 405 2 T0. ooO34 T T. 4060 ff. 88703 4.98261 45 
A 16:8.59715 9.99966.8. 59749, 11.425 1 10. 00034 1 I. 40285 f. 89344 4.982474 
#1] 17.8.6003 309.9960. 8.60068 11. 39932 10.00035{11.39967[1.8998I 4.92234$43 
7 18:8.60343[9.99965 8.60384 f 1.39516 10.00035|IT. 3965 Tf. 99812 4.282212 
5 19.8.0602 9.99964 8.60698 1.39302 10.00036[11.39338Þi.91239,4-98208;41 
= - 20:8.6097 39.9964 8.6 1009 11. 3899 1 10 0003611. 3227.918624. 9819 5 
9 2158.612820). 99963 8.613 19 1 1.38681. T0. 0003711. 387181. 9248004. 98182139 
3 22/8.61589 9.99963 8.6162 11. 38374110. 00037 11.3841 1Jf. 9309 44.98 16913 
1 23,8.61894 9.99962ʃ18.61931 LI. 38069}10.00038 IT.38IO1J.93703 
24 8.6219619.99962,9.022.34/71-37766,10.00038| 
2518.62497 9.9996188.625 35]11.37464"10.00039[11.37503[1-94909[4-98I 29335 
2648.6279519.99961 8.52834j11-37166, ro. Oo039 fr T. 372071. 955064. 981166344 
2718.6 309 19. 999608.63 131 T. 36869 f. ooο 
28,8.63385 9:9996:38.63426|I1.36574'10.00040 


Fl) 
> 
* 
L's 2 
+8 5 
NS 
— 
MN 
OE 
£5 
Js 
* 
2 
it. 
* 
N 
> 
1 5 
Ty 4 
I; 
2 
So: 
E 
5 — 


a * Re Ty 2 * R e 8 
+ 2s ESR A ESA dt Sr er Le EO ers ord 8808 
. 8 e 8 e 3 WR 
1 r et ae I 


— 


— COR IPTOOGO IEG CM Me one TOTO TIO 


2948.636789.99959j8.63718 11.36282"10.00041[L1. 3632241.9727 314-98076431 
398.03968'9.99959 8.64009 11.3 5991110.00041 4.980633 


3118.654250 9.99958.8.64298 e 11.5574471.9431 4. 98050 
32 64543 9.99958.8.64585 11.35415"10.00042 T1-3545 797-9900414-9 9037125 
4 


. 11. 3513010. 00043 11.35 173, I.995 7304. 
4 


348.65 1 109.9995 0%.65 15 41. 34846. 0044 1. 3489012. 001 3904. 980 10ʃ2 
$35 2.65391 9.99956,8.95435 I1.34565}10.00044 1. 34609 2.00699 4.9799 7725 
3638 656709.9995 5" 05715 11.34285410.0004 + i 7.34330 2-0126014.9798a024 
37(8-65947 9.9995 545-05993[IT 34007410.0004:[1 1.3405 3j2-0182514-979 71423], 
3818.66223 9.9995 4(8-06269{11.33731510.00046 11.33777,2-02366;4-97957124. 
3948-66497 9.99954 8.56543 11. 3345 7510.00046|1 1.33503 2.02914 4.979441 
40.8.6679. 9.99943 3.66816 17.32184310.0004 7 11.3323 1,2-03458 4-9 7934jAc 
| 41f8.67039 9.99952 $.67087/11.32913\r0.00048 ſ1.32961,2:03999 4.979181 
4248 67308 9.99952 3.67356 11.32644410.00048 [1.32692 2.0453 74. 9790418 
4348.57575 9.9995 148.67624,11.32376910.00049 11.32425 205072 4.7 97 
 [44:8.6784r 9.99951 8.67890 I1.32110,10.00049|TI.Z2I59 2.05603/4-9757816 
4518.68 104 9.999 508.6854 11. 3184610. oo 11. 31896 2.061314. 97865175 
4648.68 367 9:99949Þ8.68417 IT.ZI583:I0.00051|IT 3X633 2.064 5514-97 35 1144 - 2 
478.6862) 9.9994978.68678 11.3 1322 T. C05 e i 


—_ OTE. 


4943.68885 9.9994818.68938 1 1.31062,10.00052 11.311714 2.57695 4.97 82512 
4 5.09144 9.999476. 69 196 11.30804{10,0005 2[11.3085&2.c821114.97812fr1 
5.69400 9.99947 3.69453 11.3054 ro oo 11. 306% 2.0872 314-97 798fr 
518.6965 4 9.999408.69 708 IT.39292410.000; 4]LI.32346 2.092 3214-97 785 
3.69907 9:99946ſ9-69962 I1.30038'10.00054|11.39993 2.097 3914-97 772 
8.70159 9-99945[8-70214 I1-29786 10 00055] 1.29841 2.10242:4.97758 
54P3.70409 9.99944 8.70465 I1.29535 10.00056|11.2959T 2. 107434. 97745 
558.706 58 9.999448 70714 11 29286 L αοο . 29342 2.1124004.97732 
5658. 70905 9.999438. 70962 11. 29038 10.0005 T1. 29095 2. 1173504. 97719 
57.7115 1 9.999428. 1208 11.2879 2/10. Oo0058 11. 28849 2.122274. 97705 
588.7139 5 9.999428. 7 1453 I1.28547;10,00058[I1.28605 2.12717[4:97092 
2 71638 9.999418.71697 11. 28303 1000591. 28362 2.13 2034. 97679 


4 
1 * * 


N 1 — 7 J 


ſ 


- - 


COS 


* 
* 


2891898 


— * 


* 


8.7188 9.99940,8. 71940 11. 28060 I0.00060 11.28120 2.13687 4.97665 
Co-ſine Sine Co- tan. Langent. Co-ſec. | Seca t. J Sine 


8 (87 Deg. 


J 


| 


4 
Sl 9 4 »D 0 
m e —r⅜ Ä or nt ot l 


) | 


te 


Ni 
| 


3 8. 72597 


in 


TABTRE of Logarithmie 


* 


(3 


Deg.) 


1 * 0 F — 
Co-tinc Lang. Co- tang. 


9.99938 


12 73767 
19 8.73997 


1 18.74454 


13 8 74905 
1408. 75130 
15 8.75353 
68 75575 
178.7579 6 
2g 76015 
19:3.76234 
208.7649 T1 
118. 76667 
218.7688 3 
38.7709 


= 


* 


5 
248.7731 
58.775 22 
245.7733 
718.7943 
os. 78152 
29]Þ. 78360 


9.99935 8.73832 
9.99434 8.74063 


108. 742260. 99934874292 
9.99933 8.7451 


9.99932 8.74974 
9.9993 18.75 199 
9.99930 8.75 423 
9.99929. 8.75645 
9 99929 8.75867 
9. 99928, 8. 76087 


9.99927;8.76306 
9. 99926'8. 76525 
9-99926;8.76742 
2999251876958 
3-9992418.77173 
9.9992418.77387 


9. 99923ʃ8. 77600 
9. 9992248. 77811 
9.99927; 8.78022 
9.99920ʃ8.78232 
9. 999205. 78441 
9. 9991008. 78649 


08.4 78568 
1 0 787741) 

28.789 79 
338.7918 
14 79386 

518.7958807 

8.79789 
858 79990 
3. K 80189 
39.4 N 0388 


21 5 99 
438.9891173 
4 8.8136 


47. 8. 3285 
48 8.82124 
— 6.52344 
508 82513 
31 8.82701 
| 28 82888 
53 8.830705 
54 8.8326119-99390 
55.8.83446|3-99896 
£56'8.83630© 

7 8.83813 
58.8.83996 
5958 84177 
60 8. 84358 
 *Co-fine 


9918.8 7887 g 
9.999718 79067 
999178.79266 
9.99916'8. 79470 
9-9991£13.7967 3 
7.99914 3.7087 6 


11. 24801, 
ü. 2457 
1 1.24355 
11.24133 
11.239713 
11. 23692 
11.234757 


LI, 23258 


TI.23042 
11.22827 
17.2261 2 
1.22470 
11.221890 
IT. 271978 
1121768 


TT, 21550 


11. 21371 
11.2114. 


11. 20930 


11. 20734 
11. 205 30 
11. 20327 


11. 20127 


9.99913 8. 80076 
9.2991 25 80277 
9. 8 80476 
2999 118.80674 
9999 7108.808 72 

999098. 81068 


3.99950 8.81264 


9999088.81459 
9.929078.81655 
209.99 906ʃ8.81846 
9.99 0 82038 
9. 9990. 82230 


N 


11.719924 
11.1972 
11.105 25 
11. 19326 
11.10128 
11.1893? 


88. 8.71880 9 99940 8.71940 11. 28060 10. 00060 
18.721 20 9.99940 8. 72187 11. 27819 10.00060 
28.723.509 9.99939 8. 72420 11. 275 80 £0.00061 
8 72659 11. 27341 10. 00062 
' 418.72834 9.99938 8. 72896 1127 104 Io. ooo 
58 73069 9.99937 8,7313211. 26868 I0.00063 

8.72302 9.09936, 8.73366 T1. 11. 26634 Io. oco64 


OECUutiru |. 


7.6 735359 99936 8.73600jI11.26400 10.00064 
I1.26168-10.00065 
I1.25937,10.00066 
[1,25 708 10.00066 
11. 25479 10.00067 
28.746809. 20.2 8 8274 11. 2525210. 006 


11. 25026710. 10.00068 


7{10.000 70 


| 


— —  — — 
L0.00087 


1 I. 18730 


11. 18541 
11.1834) 
IF: 13174 


11.17 790% 
11. 17770 


9.999045. 8 2420 
9. (tg 8.32610 
9.9990255.82799 
9.999018. 82987 
9.999008. 83175 
9.928 90l8. 83361 


2-99892Þ8. 83547 
9-998945]8.837 32 
99989718.83916 
9-9989015-24100 
3-9989518.84282| 


9-99894Þ-84464| 
Sine Co-tan. 


x4, 17580 
11. I 7390! I0.00097 
11. 1720 f [0.00098 
[1.T7Ox3;19-50099 
11. 1682510. 00100 
*I. 1.16539 10.0 10.0010 


11.160453 10.00 102 
[1.16268 10. 00102 
1 1.16084 10.001053 
1 I. 15 900 10.00 104 
11. I5 718 I0.00I05 
11. 15 536 fo. 00106 
Lengevt tec. Sec ent 


10. 0078 


ro. oo008 401 


19.0006g 


I9.00071 
10.0071 
IO. 20.00072 
a 00073 

1o. 0074 
10.000 74 
ro. ooo 
o. 0076 
I0.0007 7 
190.0007 7 


10. O00 79 
10.00080O 
[0.00080 
I0:0008T} 


10.00082 
[0.0008J 
10.0008 3 


10.0008; 
10. 00086 


19.00087 
10.000E8, 
10.00089 
to. ooo 
1. ooo. 
10.0009 1 
[0.00092 
10.0009 3 
10.99094 
IO 00095 
LO. 00090 


10.0009 


11.160232 


Co-iec- V . O11 10 


IT. 28120 
11.2788 

11. 27403 
II. 27166 
11.26931 
II. 26097 


2.15 122 


2.16534 


2.136874. 
012. 1416804. 
II. 2764112. 1460461[4- 


215595 
2. 160664. 


11. 26465 
11. 26233 


2.17463 
IT. 26003 


11. 25094 
11 24870 
11.2464 
I1.24425j2-21002 
[1.24205'2.21524 
II. 23985; 2.21962 


42.9742 
2.20191 
2.20637 


2.1 7GOC of 


2.179244. 
11. 25 774 2.183824. 
IT. 25546,2. 1833814. 
T1-2.5 320/2. 19291ʃ4. 


3.97492 
4.97479 
4.97465 
4.97452 
4.97439 
4.97425 


11. 237662. 22401]: 
1 & 235 49.2. 22836 
11. 233332. 23269 
11. 23 117,2. 23700 
11.229032.24129 


11. 226902. 24550 


[1.22478 2.249860 
IT. 22267 2.25403 
IT.22057 2.25823 
11. 21848 2.26242 


1 1. 21640 2.26058 


TT. 21432 2.27073 
11. 21226 2.27 485 
IT.21021,2.27896 
I 1.2081 7,2. 28304 
11. 20614 2.28771 
IT. 204 12,2. 29110 
11.202112. 295 19 


1 T. 20010 2. 29920 
11. 1981 112. 30319 


11.196122. 30716 


11.194112.31112 
11.192182. 31506 
IT. 19022%2 3 31998 
Il. 18828, 2.3 228804 
11.1863 3ʃ2.32676 
11. 1844012. 3 3063 
11. 1824812.3 3448 
11. 1805 642. 33832 
11. 17866 2.34213 


1 2.34593 
I1.1740712.34972 
I1.172991}2/35 348 
EE; 17112/2.35723/4 
11. 16925. 36097 


3.97251 


974121 
4.9739 
4.9738. 
4.973725 
4.973581. 
190734 
4.97331 
4.97318. 
4.97305 
4.97291 
4.97278 
497264 


4.77237. 
1-27 224,27 
4.97211 
2 | 
4-97184174 24 
4.97: 30/23] 
4.971571 
497143704 
4.9713 
4 97116, 12 
4.971031} 
e 
4.970767 
4. 9706275 
3. 970491 
4.97035 
4.97022 


4.970817 


4.96995 10} 
4.96981 9 
4.96968, © 

4.96954 


13 
12 


2.36469 


4.96941 _< 


11716554 
1116370 
11. 16187 
I 1.16004]: 
II.I5823 
IT.15642 


*. 36839 4. 96927 5 
2. 37208, 4.96914 
2.37575j4-96900 
2.37940,4-90887 
2.38304/4.96873 I 


2.38667 5 2 
. Sine M 


7 Dez} 


(4 Deg.) Sines, Tangents, Secants, &c. 


0 8.8435819.99894[8-84464 
I 8.845 3919-9989 3138-34646 
2 8.84718[9-99892[8.84826 
3 8.84897[9-99891]8.85006 
A 8.850751[9.998918-85185 
5 8.8525219.9989008.85 363 

68 8542919-99889,8.85540 
718.35605 9-998:8;8.85 717 
8 8.85 7809. 9988 778.8589 
| 9:8.85955 9-9988618.86069 
10/8.386128 9.99885:8.86243 
bi 8.8630119.9988418.86415 
1 


— 


7 3l8.86645 9.9988: 


19;8.87661[9.99877 8.87785 
2008 8782819.99876;}3.87953 


27:8.8898019.99869(8.391I1 
2818.89142 25846 
29.8.89304.. 99867 8.89431 

39]Þ.3946419.9936618.89598 


— — — 


1 5 79. 99870 8.88948 


318.5902509. 99865 8.89760 
32 5.59 784;9.99864 8.89920 
3358.899439. 998638. 90080 
348.90102 9.998628. 90249 
3555. 90260 9.998618. 90399 
36 90417 9.998608. 905 5 7 
3718-90574 9.99859 
388.907 30 9.99358 
398.9088 5 9.99857 


4378.971502 9.99853 
45,8 91807 9.9985 8.91957 
46 8.91959 9.99850 8.92110 
47 8.92110 9.99848 8.92262 
48 8.92261 9.99847,8.924T4 
49 8.92411 9.99846'8.92565, 
30 8.92 561 9.99845 8.92716 
51 8.92710 9.99844,9-92866 
52,8.92859 9.99843}8.93015 
5318.93007 9.99842108.93I65 
548.9371549. 9984108.93313 
55 8.93301 9.998408.93462 
56 8.93448 9.9983918-93609 
57 8.93594 9-99838]8-93756 
58 8.93749 9-9983718-93903 
59 8.93885 9-99836Þ-94049 
ha 8.94030 9.99834]8.94195 


Co-fine Sine Co-tan. 
323 — 


M Sine Co- ſineſ Tang. Co-tang. 
| 11.155 36 


11.14637 
11. 14460 


11. 1 204 7JTO. 001 24 
21.8.3799. 99875 8.88120 11. 11880010. 001255 
1228.58167.99874 8.88287 11.177713 10. 00126 

238.8832000. 958 73.8.8843 
248.3849008 728.8861811. 11381070.00128 


258.8654. 9987 118.89783; 


II. II 547%. 00127 


11.1121 


„ 


Eecant (ec. Sie ** | 
[0.00106 11. 15542 2.38667 4.96860 
II. 15 354 IT. o0107 11.1 5461 2.39028 1060705 
IT.I5174|10.00108 IT 15282 2.393874. 9683 

11. 14994. ooοσðã 11. 15 10312. 39745 


58 


I1.1481c[10.00109 11. 14923 2.401024. 96805 56 


ro. oo 10 11. 14748 2.4045 704.9679255 
1. 00111 11. 145 712.4087 1 4.96778 54 | 


I1.1428;3Þ10.00112 IT.I4395 2.411634. 96705 53 


11. 14107 tO. 00113 11. 14220 f. 415 144.9675 1 52] 
11. 1393 [To. O01 14 11. 14045, 2.418634. 96738 51 
11. 13757 fo. 00115 TT. 13872 2.42211 4.96724 50 


11. 1358 ff. 00116 11. 13699 2.425 584.967 10 49 


11. 1221511000123 


10.001 29 
11.1105 21T0. cor 30 
II. 108891TO.O00131 
11.107260. 00132 
11. 105631. 00133 
11. 104021 10.0074 
11. 1024010. 00135 
II. IO OTO. 00136 
11.992010. 00137 
11. 0976010. 00138 
TI,09601jI10.00I 36 


8.90872 11.091281 fO. 00142 


8.91029 T1. 08971110. 00143 
7. rode 9.99856|8.91185 11.088 15000144 
41.8.91195 9.99855 E 
42 8.91349 9.998 54.8.9 1495 05} 


590872 11ografrooorg: 


8.91650, . 
44.8.91655 9.9985 2/2-91803'1 1. 0819710. 00148 
11. 08043 10. 00149 


11. 094431 T0.00140 


IT.08505310.00146 


— 


2 8.86474 9.99883 8.86591 II. 13409 TO. O00117 11. 13526 2.4290304.95597 
86763 11.1323 7.00118 11. 13355 2.43247 4.96683 47 
14 8.868169. 9988118.86935 11. 130650. 00119 11. 13184 2.43589 4.96670 46 
155. 869879. 998805. 87 106 11. 28940. oo 20 11. 13013 2.439304. 96656 4 
1618.877156 9.99879 8.87277 I1.T2723þI0.00I2t 11. 12844 2.44170 79564244 | 
178.87 3259. 99879 8.8744) 11.1255 3þ10.0012T|IT.12675 2.446094. 9662943 
| 18 8.87494 9.99878'3.87616 IT.12384 TO.COI22;IT.12506 2.44946 4-96615 A 
11. 12339 2.45 28204. 966 ar] 
11. 12171. 2. 4561604. 96588 40 

II. 12005 2.459494 
11. 11839 2.462814. 
11.116744 24 612 . 
11. 11 10 2.469424. 


——— ñ “.. — 


I1.08350!10.00147 


IT 07890:10.00150 
IT.07738;:I0.00152 
IT.O07586*I0.00153 


IT.07435;10.00I54 
I1.07264 T0. 00155 
1.07134 10. 00156 
LT 06984. TO. 0015) 
11.0683 5 10. 00158 
11.0668 7/10. 00659 


11.073589, 


11.065 38 T0. 00160 
11.0639 11T0. 00161 
1 I. O62431T 0.00162 
I 1.609 7/10. 00163 
IT.05951]10.00164 
II.o;805Þ10.00166 


ITI.11346 2.47270;4: 
IT.II183 2.475974. 
IT.IIO20 2.47923 4. 
11. 108 58 2.482474. 
11. 10696 2.485714. 
11. 10536 2.4889 314-9945: 
11.103575 2492144. 
1 1. 1021 6,2. 4953404. 

11. 1005 7 2.498524. 

11. 09898 2.50169 . ; 
11.09740 2 50486 496383725 | 
IT.09583 2 50801 4-96369;24 
1109426 2.51115 4.96356,23 
11.0920 2.51428 496342 2 
II.O9 115 25173904.96328 a | 
11.08960 2.520 50/4-963x5 20 
11. 08805 2.5 2359 4.96301 19 
11. 0865 T 2.52668 4.95287 18 
11. 08498 2.5 2975 4.96273 17 
11. 08345 2.53281 4.96260 16 
11.08 193 2.53586 4-96246 15 
11. 08041 2.53890 4.96232 I 
1.07890 2.54193 B ; 
11. 2. | . i þ 
ENS 495191 11 
5509604901771 
11.029002. 55395 4.9616 ; 
71.07141j2-5569314-96I50| 8 
I1.0699312-55989;4-96136|. 7 
11.068462. 56285 4.96122 6 
11.066992. 565 80 4.96109 5 
11.0655 202. 568744. 96095 

11. 06406. 57 16504. 96081 
11.0626 2.57458 4.96007 
L1.0611512.57749;4-9605 3] 2 
11. oy. 58039 4.9604 


17.07439/2- 


i'angent} Co-i 


S, Cant | 


f 


V. nel 


— 


4.96819 57 


Nr 


A 


* — 


"(35 Deg.) 


| 
j 
| 
| 


78 


Taprr of Logarithmie 


(s 


* 5 


——— 


Dale. 


— 


118.94174 
28. 94317 
38.944601 
48.9460 
8.94746 
68.924887 


-95029 
& 295179] 


118. 9559: 
128. 9028 


Cu- nuci Jang. 


nn 


Secant | 


L 3}8.9.5807 
I 413.9600 5 
r513.9614 7 

168.6280 


9.7985 
? 2.993 4 


9-998308. 
9.99829 8.94917 
9.2982 288. 25 6 


2-9982413.95 486, 
9.99823 
9.99822ʃ8.9576) 
2-2982118.95908; 
„9585008 96047 
3-99*19,3-95187 
9. 99817 8. 96325 
9. 9981668.95464 
8 96602} 
PP: 96739 


5$[2-993-915-97295 
-[2-99808[% 97421 
, 9: ol. .97556 


19-9982119-9822.5 


15785 


9.998038. 9796 
9-998021%-98092 


9.99800 98358 


0 {þ 940309. 9.99834. F. 94195 II.05805 1.00166 
9.9983 3'8. 94340 11.05660,10.00167 
9. 998328. 94485 II.05515410.00 168 
9.998371; 8. 94630 1. 53H. oo f- 
94773 11.05 22710. 00170 


11. 05083 


O 11,04940}TO 150177 


3-9 4827;8.95 202 IT. 0479810 O 
3-9932518.95344.11.0465C10.0017- 


1.04514 


8 95627 1 04373 0.0017” 


11.604233 
EI. 94092 
11.039053 
11.0381 2 
11.0367 


11. 03853610. 008. 


1.0338 
1.03261 


7 II. 03123 10. 00187 
EE; l 00188 


rx, 028 0 


Ly: O2715 I0.00T91 
IT.025 7910.00 192 11.02771 
11.2444 10. 0019311 02637 


IO0.00177 


10.001770 


19.0017? 
10.00179 
10.0 078 

10.o0181 
10. 00 183 


10.001858 
10. 00186 


10.00 190 


Co- ſec. | TAK 
1. —927 
11.05 826 
1.05683 
1. O55 39 
11.05397 
11.05254 
1.05113 
1104971 
71. 04830 
11. 04690 
11.045 50 
11.044411 
110427 


— — — 


11.0413 
11.0399 
11.0385 
11.0372 
11.0385 
11.0344 
— 
11.03311 
10317. 
11.309 


11.0230 


11. 2176 001961 1.02371 
11.020410. 00197 1.02228 


0.00 1940 


11. 190 LO. pant 


11.0177. 
1107645 


tO, 00199 
10.0020: 


539.01074 
$7 9.01190 OI196 
559.01318 
I 0:9.0T44C 
58 9.01561 
9.01682 
59 205 01803 
22 9.0192312:99 
,Co-fint 


8.9528 2.99798 


3-99791[%-99275 


3209.997780 40553 


8119-997 7619.00805 
9.99775 9.50930 


8. 98490 
9-9979719-98622 
9:9979648-987 53 
9.9979 8 98884 
9.9979 8.99015 
72.997928. 99145 


9.997008. 99405 
3-99788P.995 34 


9.0049 


9.997 7 lo. 0 


11.0 1610 
1 1.01378 
11.0124 
11.601116 
I 1.0098 
11. 08 5 e 
11.0028 
11.005957 
I 1.00466 


11. 00339 


I. oo oe 
2. 0008 7 


T0.00202 
I9.00203 
I0.00204 
10.0020 
lo. oo 
10.0020 


eee, 
IO. 00210 
10.002112 
10.0021 
0.o0214 
TO.00215 


C4 4&4 - 


10.99954 
10.99826 
571099609 
10.9973 
1 9.99447 
10. 99321 


10.00217 
10. 00218 
10.000219 
10.002200 
10.000222 
10.00223 


10.99 195 


1o. 90070 


9.997 7319-01055 
9-99772149-0IT 79, 
9-997 7119.01 303, 
9.997699. 51427 
9-99 76819.CI5 50; 
9.9976719.01673 
9.99765j9-01796 
9.99764 


10.98945 
r0.98821 
10. 98697 
10.985 73 
10.984 50 
10. 98329 
10.982094 


9.01918 10.98-8:$10.002 36 
9.9976319.02040 10.9796q9I0.00237/10.98197 2.73622 
9-9976119.0216r 10.97838I0. 2.00239; 10. 98077 2. — 


10. 00224 
10.0022 5 
10.000227 
0.00 228 
[0.00229 
10. 00231 
10.000232 
10.002333 


0.002355 


11.0184 3 


11.01063 


II.00550 


10.9944 


Sine ICo-tan. Tangent“ — 


11. 03905 


11I.Oo2 50. 


11. 02106 
IT.0197 4 


1107712 
11.010681 
LI.OIASI 
IT.OI?21I 
TI.OII92 


— — 


1100924 
1.0806 
11. 068 


1 1.00422 
11.0296 


11.0010 
TI.COOA 4 
10.99918 
99 
10. 99668 


10.994192 
10. 99296 
10.99172 
I0.99049 


19.98926;2 


to 98804 


1.5 'ne, 
. 2.58039; 
2.58328 
2.5861614 
2.58903 
2.59189 
2.59473 
2.59778 
2.60041 
2.60323 
. 6060.5 


2.61165 


2.61721 
2.62274 


2.62823 
2.63097 
2. 63369 

2.63641 
2.63912 
2.64182 
2.04451 
2.64719 
2.64987 
2.05253 
2.65519 
2.65784 
2.66048 
2.66312 
2.6654 
2.66836 
2.67097 
2.07357 
2. 67617 
2.67875 


2.6088 F504. 
2.6144 3[4- 
.61998[4- 


2.62 54904. 


* 


4.96026 5 
960125 
4.959985 
4.95984 5f 
4.95977 55 
4.95957 54 
4.45943 53 
4.95929 57 
4-95915 51 


4. 9. 5791.42 
4. 9577741 
4-95763j4 

4-95 749,39 
4.95735'38 
4. 9572237 
4.95 49570836 
4 950935 
4 95680'34 
4.95666 32 
49565232 
4.95638}31 
A. 49502430 
4.95610,29 
4.95 796128 
495583127 
4.95 569426 
4.9555i25 
4.541124 


2.6813; 
2.68291 
2.68647 
2.68903 
2.69157 
2.09412 
2.69665 
2.69918 
2.70170 
2.70421 
2.70671 
2.70921 
2.711T7O|- 
- K 71418 
2.71666 
2.71913 
72159 
2.72404 


10.96682 
10.98 560, 
10.984 39, 


10.98318 2.73377 


2.72640 


2.72893 
2.73137 


gSreopt 


4. 95527123 
4-95513}22 
4.95 499j21 
4.95 485120 
4-95471;19 
49545718 
4.944317 
4.95429 16 
4.95415,15 
4.95401 14 
4.953873 
4.95373 12 

95359. 11 
4.95345, 10 
4.95331 9 
4.05317) 8 
4.9503 7 
4.95289 '6 
4.99275, AS 
4.95261' 4 
4.95247. 3 
4.95233 2 


4.952056 0 


V. 8. ne. M. N 


N Deg.) 


f 
4.96040 6c 80 | 


4-95219' 1 


Fr 


* nn N 1 — 
Ap ek: 
e 1 ee e Ls 


* 


(6 Deg.) Sines, Tangents, Secants, &c. 


t 


E 
I 
12 


N 


Sine 


5.1923 
9.02043 
9.02163 


3.9.02283 
479.02402 


ol 


9 
110 


11 
12 
73 
114 
15 
10 
= 
7 
19 
20 

21 
22 


23 
124 


25 
26 


27 


9.025 20 
9.026, 39 
702757 


9.02992 


9.03226 
9-03342 


9.03458 
0.03574 
9553355 
9 


03805 
9.03920 
9.04034 
9.04149 
9.04202 
9.04376 
9.94490 
9.04003 
— Gas, 
9.04828 
9.04940 


9.03109 


9.99742 


Co- find Lang. Co-tang. 


3.99761 


9.99757 
9.99756 
9.99755 
9.99755 


9.02162 


6049. 02283 
9.99759. 02404 


9.025 25 
9.02645 
4.02766 
9.02885 


10.97838 
10.97717 
10. 97590 
10.974755 
10.97355 
10.97234 
10. 97115 


9.97752 


9.99749 
9.99748 
9.99747 
9.99745 


999744 


9.9974¹ 
9.99740 
9.738 
29737 
9.99736 
999734 
9.99733 
999731 
9.99730 
922728 


3.03005 


9.0287 419-99 75119-03124 


9.03242 
9.03361 
9.03479 


9.03597 
—————— 


9.03832 
9.03948 
1.04065 
9.04181 
9.04297 
7.04413 
9.04528 
9.04043 
9.0475 8 
9.04873 
3.04987 


10. 96995 
16. 96876 
10. 96758 
10.906639 
10. 96521 


10.0023 
Io. 0624 

12. 0024 
10. 00243 
10.0 9244 
10.002455 
10.009247 
10. 00248 
IO. O 249 
I0.00251 
LO.CO252 
L0.0025 3 


10. 96403 


10.0025 5 


7.03714/10.96250j10.00230 


10.96168/10.00258 
1.9605 2/10.99259 
10.959351 LO. 0200 
10.938 19/10. 00202 
10.95 703;10.00263 
10.95587}I0.00264 


10.95472 
10.95357 
10.95 242 
10.95127 
10.9 5013 


10. 00266 
10. o0267 
10. 00269 
10.0270 
10827 


9.99727 
9.99726 


9.05101 
9.05214 
9.05 328 


10.947 86 


10. 00273 
10.000274 


10476 


10.94672 


IO 00276 


12.9795 7 2.74104 
17.978372. 74344 


197362 2.28297 
10.972432./5534 


Secant | Co-fec. V. Sine 4: 
i ..9807 7(3-7 3603;4-95205j00 


495191 


4.95 177568 


10.9771) 2.74583 4.951637 | 
1.97598 2.74822 4-95I49Þ56 
10.9748. 2.75000 4.95 1355654 


4.95121] 54 


4-95107]5 
10.971262. 757 70 4.950932 


4.95051 
4.95037 


10.963127 7405 
0.96195 2-7 7030 
L0.96c:80;2-7 7 867 
10.959602 72 
10.9585 17. % 
15.95 738ʃ2.7 8555 
10. 95624 2.78783 
10.955 10%. 7900 
I0.9539712-19337 
I0.95285}2-79403 
I0.95172!% 79089 
10.9 50600279913 


10.907082. 70000 4.93079 51 
10.9689 12.6241 4.950656 
IG y67 7412-70475: 
10.96658 2.760,88 
10.965 42/2-70941 4.95024 4 
10.y6423'2:77174,4-95008Þ46 


4.949945 
4-949], 
4 949g6th 3 
4-29495 2:2 
4-94938[;1 
4-94924]Þz0 
4.94910“; 

4.9489638 
4.948813) 
4.94867 30 


4.94853 
4-94839]z; 


10.94948ʃ2.50139 
10.948362. 80362 
10. 47252. 80986 
10.946 142.8 8-9 
10.9450 3j%-SL9ZL 
I0.94393;2-0L2Z1 
10 94283!2-61473 
10.9417 3;2-81094 
10.94063'2-81914 
12.9395412-32153 
L-.93845 2.82352 
10.937 36,2-52570 
10.9302812.92788 
10.3519 2.83005 
10.3411 2.83222 
10. 93304 2.83438 
10. 93196283053 
10.9 3089 2.83869 
10.2982 2.8483 
10.928 76 2.8429 
10.927069 2.845 LO 
1.92663 2.84723 
10.92558 2.84930 
10.9245 2 2.85148 494498 10 
19.9234) 2-85 35914-94484; 9 
10.92242 2.855 7004. 1 
10.9213) 2.85 78044. 
10. 92032 2.85990 
10.91928 2.86199 
10. 91824 2.86408 
10. 91720 2.8961, 
1.91617 2.86824 
10.915 14.2. 870314. 94370 
10.971411 2.3723 94356 
. Sine 


4.948283 
4.948112 
4.947971 
4.947820 
494768 
4.94754 Z8l 
4.947457 
49472626 
4-94712125 
4:94097124 
4.34083} 
474669122 
* 


9.99724 
9.99723 
9.99721 
9.99720 
9.99718 
9.99717 
ke 
9.9971 

9.99713 
999711 
9.99710 
9.99708 
9.97707 
9.99705 
7.99704 
9-99702 
9.99701 
9.99699 
9.99098 
9.99690 
9.99695 
2.99693 
9.49092 
3.99090 
9.99689 
9.99687 
3.99656 
9.99684 
9.99683 
9.99681 


9.05052 
9.05154 
9.05295 
9.05380 
9.05497 
9 25007 
9.05717 
4.05827 
9-05937 
9.00046 
7.0015) 
4.00264 
9:00 372 
9.06481 
3.06539 
4 9-669 
$4319.0680, 
4. 7.06971 
45%. 07018 
469 .07124 
147 .07231 
480.7337 
4907442 
5.07548 
$193.07653 
5243-97756 
$ 3]2-07863 
$419-27968 
549.08072 
5619.08176 
579. 08280 
5819-08383 
5919.08486 
609.08 789 


| Co- line 


28 
29 
30 
31 
132 

33 
34 
35 
36 
37 
38 
39 
40 
41 


2 


10.9455 % 1.00277 
10.944471 0.00279 
10.943 341TO. 00280 
10.942220. 00282 
10.944110}10.00283 
10.93998}10.00284 
I0.93887;10.00286 
10.93776:10.00287 
10.936650. 0289 


10.935 55.0 
10.934451 C. 0292 
10.9 333410. 00292 
10.93 2251 0.00395 
10.931150. C0290 
10.9 3006]L0.” 0298 
10.92897j10.00299 
10,92789jL0.00Z-I 
10.92680jL0.90ZO2 
10.925 7210. 00304 
10,92464|10.00305 
10.9 235 9 .00307 
10.9224) 1.030 
10. 92142 10.0 310 
10. 9203610 00311 
1091929 10.0 313 
10.9182310.05314 
97717315 
10.9161 1 10. og 17 
10. 91505. T0. C0319 
10.9 1400 IO. 00320 
10.91295 10.060322 
10.9 1190 10. 00323 
10.9 1086 10.0032 


9.05441 
9.05553 
9.05666 
9--5776 
9.85890 
9.06002 
9.06113 
9.06224 
9.00335 
4.00445 
9.06550 
9 06666 
9-00775 
9.00885 
9.06994 
9-27 104 
9.07211 
9.07320 
9.07428 
9.07636 
9.0764; 
9-07 751 
9.07858 
9.07964 
908071 
9.08177 
9.08283 
9.08389 
9.98495 
PIR ee 
3-9967819-08705 
9.9967 7{9.08810 
93-9967 549-089 I4 


dine ICo-tan. 


4.94641 20 
4 94626119 
4.94611 


IC 
4.94597 
4.94584!x6 
4.945 70 15 
4.94535 14 
4.94541 13 
+:94527,12 
4.94513 11 


4.94427 
4.94413 
4.94399 
4.94384 


> e 


T angent; Co-ſec. I'S 


* 


TABLE of Logarithmic 


r 


AM; Sine To-Tm: Tang. 


© 9. 08589 
x 9.08692 

2 9.98795 
3 9.08897 
4 9-98999 
3 9.09101 
6 9.09202 
19. 09304 
8 9.09405 
99.9504 
109. 960 
119. 970 
12 202809 
73 8 990 
149. 10006 
1.59. 10100 
159. 10205 
17 ere 

| 13 9.10422 
79 9.10501 


Co- tang. 


— Cole” 


9.99075[9-98914 
9-996 74j9 9019 
9.9967 2149-09123 
9-99670i9.09227 
9.99669 9.09330 
9.99667. 9.09434 
9-99666{9-995 37 
9.99664 9.09640 
9.9966 349.9742 
9. 9966119. 09845 
9.99659 9.59947 
9.99658 9.00049 
999656790 
9. ee 10252 
9.996539.10353 
9.9965 1159-10454 
9.996509. 1055.5 


10. 94086 
10. 90981 
10. 90877 
10.90773 
10. 90670 


10. 00325 10.91411 
10.0326 10. 91308 
1000328 10. 91205 
10. 00330 10.91 103 
10.0033 10. 91001 


10. 905 66 


10. 90258 
10.901555 
10.9903 3 
I0.69951 
Io. 10. 89850 
10. 10.89748 
10. 89647 
10. 89545 
10.8944 
10. 89344 


10. 9046310. 00334 10. 90798 
10.9036c(10.00336 10.9069 


10.00333 10. 90899 


2.87444 4.94342 
2.87650 4.943278 
2.88855 49431357 
2.88060 4. 942995 

2.88265 4.94284 5 
2.88469 4. 94270 5 


10. 0337 T0. 90595 
10. oO339 10. 90494 
10.00341 10. 90394 
10. 00342 10. 90293 
10. C0344 10.901931 


| 


2.89682 


2.886724. 4.94256, 53 
2.888754.9424252 
2. 890784. -94227{51 
2.892 79,4-94213'50 
2.8.8144 94199 49 


19.00345 10.8009 3; 
10.00347 20.8994 
10 90349 10. 89894 
10.003 50 10 89795 
10. oo252 10. 89696ʃ2 


10. 89244 


10.0035 3/10. 89598 


10. 89144 10.003555 10. 84499 


TIP 


2.89882 
2.90082/4. 
2.90282ʃ4. 
2.904814. 

90680 
2.90878 


494113143 


2.910704. 


4.94184; 48 = 
4-941 70:47] 


4. 940980 


9.99648, 9.10650 
9.996471 5 
9.9964 5t9. 1585 


209. 10599 


10. 89044 IO. 00357 


240. 10697 
229. 10795 
23 9.10893 
a. 9. v6 2.85 
25/9. 1108) 
2779.11184 
2719.11281 
289.1137 
2909.711474 
911570 


9. 99643, 9.10950 
9. 9964219: .11056 
9. 99640 9.11155 
999638911254 
9-9963719-11353 
9-999 3019-11452 
9.6963319-LI551 
9:-99632}9-11045 
9.99630.9-11747 
9. 99629 9.11845 
9-9902719-11943 


9 11666 
9.11761 
9.171857 
9.1295 2 
89.1 2047 


9.996269. 1 2040 
9—99249.12138 
9.99622%. 122355 
9 99620. 12332 
9. 9951899. 12428 


9.12142 
9.12236 
9. 12331 
25912425, 


2 1252501 
9. 9901519 12621 
9.99613 


9.12717 
9.99512 


9.12813 


10.889444 
10.888455 


10. 88057 


647 10. 00363 
10. 00365 


ro. oo 370 


| 


10.0035 8 
10.003 60 
10.000362 


10.00367 


10. 0368 


10.000371 
10.000373 


10. 87960 
10. 87862 
10.877651 
10. 87668 
1c. 87572 

0.87475 
10.8737 
10.87282 
Io. 87187 


ro. 00488 


I0.00375 
10.00376 
I0.00378 
19.00380 
10.003382 
10. [2.00383 
10. 70.0038. 
10.0038 


10.88623:2.92836 


ro. 88048 2.9399 
10.8795 32.941814. 


9.125199. 996 7. 1290 
9.12612 9.996089. 13094 
29.127059. 99607. 13099 
125 -12799,9-9960545-13194 
$9.12292,9-99603]9.13289 
459. 12985,9-99601 3.13384 
469.3079 9.9900 (9.13478 
79.131719. 99598 9-13573 
43.9. 73263 9-99.59 019-1 3667 


10.87091110.00390 
10.86996:10.00392 
10. 5090 flie. 00393 
10 86806t10.00395 
10.8671 T To. 0039 
10. 86616. 00399 
10.865 22 10. 00400 
| 


| 9s 13355 :9-99595]9-13761 
0.9-13447,9-99593]7)-13854 
19.13539 9.999 1.13948 
529. 13630 6.995 899.14041 
39.713721 9.995 8879.14134 
5484738713 9.995804)-14227 
$5 9.13904 9. 995841. 145 20 
569. 73994 9-99552 "4 14412 
5 7 9.14085 9.9958 10. 14504 
58 9.74175 9.99579 9.74597 
59 9-1 1266 9-995 77 9.14688 


10.E86427,10 00402 
10.86333 10.00404 
10. 86239, 10.00405 
10 26146 10,00407 
10. 36052 10. ee. 
10. 85959 10.004111 


10. 85 866, 10. 00412 
10.857721 1; 10.00414 


10.89401 
10. 89303 
10. 89205 
10. 89107 
10. 89010 


2.914704. 


10.88719ʃ2.92643 


10. +585 2642. 93030 
Io. 58430 2.9322 314 
10. 853344 93415 
10.88239:2.93607 

10.88 143 2.93799 


2.9127 3l4. 


2.91667 . 
2.918634. 
2.9205 614. 
20.8813/2.9225 414-9 3998 


10.888102. 92448. 93983 


4.93995 


4.93969 3 
4. 93954 32 
4.93940 3 
4. 4.93926 3 


4: 93997 8 
1 9388 


4. 3863 26 


10.8785 8 2.9437214-9383 


10. 97764 9445 0114. 
10.87669,2.94 75114. 
10 87575:2-94940]4. 
IO. 87481 2.95 1274. 


10.87 388.2 9531; 


[0.87294/2.95505j4. 


10.87201.2.95098[4, 
10. 87108 2.95880 ; 


10.8701 5. 9606704. 
10. 8922 
10. 86829 


2.9625 314. 
2.96434. 
10.867 3712.90624[4. 


Io. 86644 2 9080 90 


4.93651 11 


10. 865 5 312. 96994 
10.0646112.97178 


10.863 7002.97 362 
10. 8627802. 97546 
10 8618712.97729 


4.93623 9 
4.93608 

4.935034 
4-935 79! 


10. 35 680 10.00416 
10. $5588: Io 00418 


60 9.14356 9-995 75 9957519 14780 14780 


— Sine "Sac Co- tan. o-t an. 


Co-lec. | Secant . 


10.66096'2.97912 
10.86006}2 .98094 


10. 85496; 10. 00419 10.8591 5. 98276 4.93532 
10. 85403, 10.00421 10.8582542-984586 4.93521 
10. 95312 10.00423 10.85 734}2.98639 4.93506 
10.85220'10.00425 10. 8564412. 988204. -93492 


4.93504 
4.93550 


+ 93912 3 


30 
— 


4 


_ 


4 


S 


4.93637 = 


o 
V. Sine — 


82 Deg.) 


— 


s Deg.) ines, Tangents, Secants, &c. 


— 


81 


4 


9.-1444519-99573 
9.145 3519-995 72 
9.-1462413-99570 
9-14 71443-29568 
9.14803[9-99566 
9.1489 1.92865 
9. 49809. 99503 
9. 5069.995861 


S 


\D IEA SS Þ GW wo! 


Y019.1524517-99557 
85 9.153337. 99556 
1219.T542119-99554 


19 9.16030 9.99541 
20 9.161161]9-995 39 
21 9.1620319-995 37 
22 9:1628919-995 35 
23 9.16374[9-99533 
24 9.1646019-995 32 
25 9.195 4519-99530 
26 9.1663119-995 28 
27 9.1671619-99526 
28 9.168019.995 24 
29 9.168869.99522 
309.169 709.995 20 
319.1705759. 99518 
32,9-17T 399-9517 
33'3.17223!9-995T5 
34 9.17307 9-99513 
3519-17391 9-995 11 
3619.17474 9.9209 
$37/9.17558 9.99507 

3819.1 7641 9.99505 
399.17 724 9.99504 


4019.17807 9.99501 
470.1789 9.99499 
229.779 73 9.99497 
4319. 18255 9.99495 
44.9.I8T 37 9.9949 
45 9.18220 9.99492 
40 9.18302 9.99490 
47 9.18383 999488 
(439.18465 9.99486 
49 9.18547 9.99484 
30 9.18628 9.99482 
19.48 709 9.99480 
729.1590 9.99478 
549.18871 9.99476 
22.282924 


9.14872 
9.14963 
9•I. 7054 
9.1514. 
9.15 236 
275327 
9-I5417 
9.I5508 


9.2515 79.9959 9-I5598 


9.15688 
9.15777 
9.15867 


7 319.T550619-9955% 9-I5956,10.64044 
149.156. 99550 9. T6046 
159.5683 9.99548 9.16135j10.83865 
169.7570. 99546 9.16224 
17 9.158579. 99545 9.16312 
189.15 94419-99543 9.16401 


9.16489 


9.16841 


| Sine Co-tine Fane] Co-tan Secant 
9.14359. 99575 9-14780 


10.8485 5 
10. 84764 
10. 84673 
10.84583 
10. 84492 
ro. 84402 
10. 84312 
10. 84223 


10.8 3688 
10. 83699 


9.16577 10. 83423 
9.16665 10. 83335 
9.1675 3T0. 8324 
10.83 159 
9.16928 10. 83072 


1084133 


10. 83954 
10. 83776 


1C. 83511 


10.85 220 
10.85 128 
10.5 5037 To. 042800. 85465 2.99 1804. 93463 
10. 84946 10. oo 30010. 85376 
I0.00432[10.85 28602. 995 40 
10. oo4340TO. 85 197/. 9949 
10. O04 5 To. 85 1092. 99897 
10.004371 TO. S 5203. oo075 
10.004390. 8493103. 00253 
10.0044 T I0.8484313-99431 
10.847550 3. 00608 
ro. oo444 f. 846673. 00785 
10.004460. 845793. 00961 
10. 00448 10.8449 203.01137 
T10.00450110.84404|3-OIZIZ 
10.00452110.84317/3-01488 
10.00454[10.84230[3.01663 
I0.00455|10.24I43j3-9I838 
I9.0045 7|10.84056|3.02012 
10.00459110.83970j3.02I8 
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13 9.288969.991 9.99162 
1409.289609. 99 160 
159 .290249.99157 
r619-2908719.99755 
I 719-29150!9.99152 


18[9-29212'9.99150Þ).- 


Takxx of Logarithmie 5 


1 


9. 9.283865 
9.28933 
9.29000 
9. 29067 
929134 
9.29201 
9.29268 
9.29335 
9.29402 
J 29468, 
9.29535 | 
9.29601 
9.29668 29568 
9.297 34 297 34; 
9. 29800 
9.29866; 
9.29932 
9. 25998 
30064 


10.711355 
10.7 1067 
Io.71000 
10.70933 
10. 70856 
10. 70799 
10.707 32 


— —— 
* Lang. 'Co-tang. | e 


10.0805 
10.0080? 
I0.008I0 
I0.0081 3 
10.0081 5 
19.008 18 
10.06820 


| Co-tec. = Sine f 

3.26418 4.90885 
4.90790 
3.266804. 9077458 


10.771940 
10.718755 
10. 71810 
10. 71746 


10.716871 


10. 71616 
10.7 1552 


3.26.5049 
3.26810 


4.90759 


10.7066 
10. 70598 
10. 70532 
IO 70465 
10-70399 
IO.70332) 
10.70266 
IO.7020C 


(20.70I34 


I0.7c058] 
10.70002 
10.699 36 


10.008 38 


10.008 23 
10. 00825 
10. 00828 
10.008 30 
10.008 33 


10.0083 5 


10.000840 
10.00843 
10.008 35 
10.00848 
10.00850 


T0.71488 
I0.7142 313-27 461 


10.7123T 


10.71359 
I0.71295 


10.71167 


3.27590 
3.27720 
3.27849 
3.27978 


10.771104 
10. 71040 
10. 70976 
10. 70913 
10.08 5c 
10. 7078. 


1199.292779 99147 
209.293409.99 14. 
2109. 2 9.99142 
2219-29466 9.99140 
2319-29329.9.99137 
9. ).2959T, 9.99135 


269.29710 9.99130 
27 4 29779 9. 99127 
28(9.29841/9.99124 
29/9-29903/9.9917.2 
309. 29966 9.09119 
319.300289.9911) 
329.300909.99114 
3309.301519.99112 
2419-3021319.99109 
3509.302759. 99 106 
369.3033609. 99 04 
37.303989.99 101 
38: 304599. 96099 
3919-305 2119.99090 
4019-3058219.99093 
419.3064309. 99091 
42.307049. 9008 
43.307659. 99086 
449. 308269. 99083 
45/9. 30887. 99080 
40.309479. 99078 
47/9.31008 9.99075 
45 9.310689. 00072 


3.30130 
2.30195 
9.30261 
9.30326 
9.30391 
30457 


10.698 70 
10. 6980 
1069739 
10.6967 2 
10.63609 


T0.09543 


10.0085 3 
to 00855 
10.008 58 
o. oo SO 


10. 00863 


10 08651. 040g 


9- 30522 
9 30587 
9.3065 2 
9.38777 
9.30782 
9.30846 
9399571 
9.39973 
93104 
9˙31104 
9.31168 
23233 
931297 
9.31361 
9.31425 
9.31489 
9.31552 
9.31 31616 
931679 
9.31742 
9.31806 
9.31870 
931933 
9.31996 


10:69478 


10.694713 
10.693458 


o. 69283 


:2.69218 
190.69154 
0.69089 
10.6902 
ro. 68960 
10. 68896 
0.68832 
10.68767 


10. 686.39 
10.6857 
10.685171 
10. 68448 
10. 68384 
10.68321 
1068257 
10.68 194 
10.687130 
10.68067 
r0.68004 


T0.63703 


4919-3112919.99070 
50l9.3118919.99067 
51 a; 9.99064 


9.32122 
9.32185 


9,99062 
539.313 70.9905 


2.32248 


9.32059 


1067941 
10.67878 
10.6781. 
10.6772 


9. gal 


5412-31 43019-9905619.32373 


55]9-3149019-9505419. 32436[10.67564 
5619. 31549199905 10. 32498, 


10.67589 
TO. 10.67627 


IO. 67502 


10. 67439 


10. 00868 
10.0870 
10.0873 


10.008 76 


LO. 00881 
10.00883 
10.00886 
10. 00888 
10.0891 
10. 00894 


10,008 4— 


10. 00896 


10. 70723 
10. 7066 
10.7059 
10.705739 
10. 7047103 


10. 70346 
10. 70284 
10.70221 
10. 70159 
10. 70097 


10. 70034 


3.28106 
3.28235 
328353 
3.28492 
3.28620ʃ4 
3.287470 


490575 
4.90559 
4.90544 
4.90529 


3-28875 
3. 29002 
3.29130 
329257 

29383 
3.29510 


4.90513 
4.50498 
4.90482 
4.90467 
4.90451 
4.90436 


3-29037 
3-297 93 
3-29889 
3.30015 
3.30141 
3.30266 


490421 
4.90405 
1953570 
4.90374, 3 
4.90359 
4.50343 


1 S. 699 72 
10. 69910 
10.9849 
10.9787 
10.697255 
10.69664 


3.30392 
3 30517 
3.30642 
3-30707 
3.30891 
3.31016 


4.90328; 
4.90312 
4.90297 
4.90281 
4.90266 
4.90250 


10.00899 
10. 0901 
10.009C4 
10.00907 
10.00909 
10. 00912 
10.009 14 
10. 0091) 
Lo. o O 
I0.00922 
10.00925 
ro. o 
10.009 30 
10.0933 
Zo. 00936 
10.00938 
10.00941T 
10.00944 
10.00946 
I0.00949 
I0.00952 


IO. 69296 


10.68871 


TO. 69602 
10. 69541 
1.69479 
10.6941 N 


10.6935 


10.9235 
10.697174 
10.691713 
10. 69053 
10.6899 2 
10.689 32 


TO.68811 
10.68750 
10.68690 
10.68630 
10.087003 
10.685 10 
10.6845 1 


3314004 
3.31264 
3.31388 
3.315 12 
3-31635 
2.31759 
3.31882ʃ4 
3.32005 
3.32128 
3.32250 
3.32373 
3- 32427 
3.326177 
332739 
3.32861 
3.32983 
3-33104 

3³²²2⁰ 


3 33347 
3.33408 


10.6839 


3.33589 


90235 


9 
57 


45 
44 


3.269414. 9074456 
3.27072 4.907285 
3-2720114-9071 3154 
32733104. 9009863 
4. 9068205 2] 
4.906671 
4.9065 2156 
4.90636ſ49 
4.90621048 
3.9547 
4.905904 


434 


40 
3 
37 


35 
3. 
5 


5 


3c 


2 
2.8 


27 
26 


25 


244 


23 


4. 90219 
4.90204 
4.60188, 
490173. 
4.90157 

490142 
4.90126 
4.90111 
4.90095 
4-90080. 
4.90004 
4-9C049, 
4-9003ZZ3 
4.90018 


4. 89986 
4.89971 
4.89955 
4.89940 
4-899 24] 


22 
21 
20 
19 
18 
17 
16 
15 


1 
41 


"Wo b 


13 
12 
11 
IC 

0 


4. 0002 8 
71 


$719-3160919-99048/9-32561 
589.3166909. 990460. 32623010. 6737 7/ TO. 0095400. 683313. 337094. 89909 
7 9.31728 9.99043 9.32685 10.67 315.10. 095 7[10.68272} 3.338 30[4-89893 

£19.31: 83'g. 99940 9- 32747 10.6725 3010. wn 10.68212!3.3 328044. 89877 


© [Co-tine| Sine 'Co-tan.| Tang. Co- ec. Secant ! * V. Sine! 


78 Deg.) EC" 


FASO Md 6 Þ tn 


4 


= 


(x 2 Deg.) vines, Tangents, Seoants, &. 


U 


: 


] Sine 


g. 9.31788 


pl 


2 
319- 319669. 99032 
4.320259. 99030 
5.0. 32084 9.99027 
6 9. 321439.92025 99024 


709. 322029. 999022 
8 32261 9.99019 


4. 


110 


II 
1209 
13 


14 


9.31847 
31907 


32319 


32495 
9.32553 


15 
16 
17 
18 
19 
20 


21 


} 


5⁰ 


is | 


5 


9.32728 
9.32786 


9.32902 
9.33018 


9.33075 
331333 


23284409 


9.32960 


233122 


"Co- fine 


Tang. TOo-rang, 


Secant | 


9.99040 
9.9903 8% 
9.99035 


9.99016 


9. 323789. 99013 
9-32437,9-99911 
25 /9:9900% 9900 


9.99005 


9.326129.99002 
9.32670 


9.99000 
9.98997} 
9.98994 
98991 
9.98989 
998986 
9.98983 
9.98980 
9.98978 
9.289275 


9.33248 
9.33305 
9.33362 
9.3342⁰ 
9.33477 


9.33534 


998972 
9.98969 
9.98967 
9.98964 
9.98961 
9.98958 


932747 


9˙32933 
932995 
933957 


9.34155 
9.34215 


9.32810 
9.32872 


933119 
9.33180 
9.33242 
9.33303 
9.33365 
9.3346 
2.33487 
9-33548 
9.33609 
9.33670 
9.33731 
9.33792 
9.33853 
9 33913 
9.33974 
9.34034 
9.34095 


10.6725 3 
10. 67190 
10. 67128 
10.6706 
10. 67009 
10.669 42 
10.6688 
10.660820 
10.6675 8 
10.666697 
10.666635 
10.665 74 
10.665 13 


ro. 00960 
10,00962 
[0.0096 5 
10. 00968 
10.09 
10.0973 
10. C0270 
10.09 78 
10.00981 
0.0098 4 
10.0098 7 
10.00989 
I5.C0992 


Co-lec. 

10.68212 
r0.08153 
10. 68093 
10. 68034 
10.679753 
10.67916 
10.6787 
10.677988 


10.07739 
10.6768x 


10.07563 
I0.67505 


I0.676022 


3.34970 
3.34190 
3.34310 
3.34429 
3 34549 


3.34787 
3.34906 
335925 
3.35144 
3.35 262 
3.35380 


10.6645 2 
10.66391 
10.66330 
10. 66269 
10. 66208 
10. 66147 
110.6608 7 
10.66026 
I0.05966 
10.65905 
10.65 84.5 
10.65785 


10.000995 
10.00998 
10.01000 
10.010 3 
IO. OTOOG 
10.9T009 


10.07447 
10.67 388 


I0.67272 


10.07330 


10.67214 
10.671563 


335734 


3.35969 
36087 


3.34668 


| V Sine, 
3-33950[4-59877 
4.89862 
4.89846 
4.89831 
4. 59875 
4.89799 
4.80784 


3.3585 204. 


10.0101 
10.010144 
IO.OIOL7 
Io.01020 
IC.OIO2ZZ 
I0.91025 


9-33591 
9.33047 
9.33704 
9.33761 
9.33818 


6.33874 


9.98950 
9.98947 
9.98944 
2.98941 


25 34755 


9.33931 


89.339387 


9.34043 


9.34100 


9.34156 


9.34212 


9.98938 
9.98936 
9.98933 
9.98930 
9.98927 
9.98924 


5.34208 


9.34324 
9.34380 


69 34436 


9.34491 


89 34547 


9.346020 


509.34658 


9.34713 
9.34769 


9 34324 
9.34879 


of 9: 3493 


9.34989 


(5719-35044! 
'589. 3509 


9 
20g. 35209 


9.98921 
9.98919 
9.98916 


9.98910 
9.98907 
. 98904 
9.98901 
9 98898 
9.98896 
9.98393 
9.98890 
9.98887 
9. 98334 
9. 5867 8 


9. 98802 


9.98913 


9-35 405 


9.25523 
9.35581 


9.34270 
9.34336 
9.34396 
9.34456 
9.34516 
9.34576 
9.9895 534036 
3:9395 319-34695 


9.34614 
9-34974 
9:34935 
9.34992 
9.3551 
9.357117 
9.35170 
9.35229 
9.35288 


9. 35 346 
9435 404 


9.35940 


10.65724 
10.65 664 
10.65 604 
10.655 44 
10.65 484 
10.65424 
10.65 365 
10. 65305 
IO. 65 245 
10 65186 
10.657126 
10.6506 


10.5008 
10. 64949 
10.648 89 
10 64830 
0.64771 


10.6495 
10.645 36 
10.6447 
to. 64419 
to. 64360 


10.64712 
10.0405 4, 10.071079 


10. 01028 
10.01031 
10 01033 
10.01036 
I0.01039 
10.0 1042 
10.010455 
10. 01047 
Io. O 1050 
L0.0I053 
10.0105 
10.0105 9 


10. 06982 
10.669255 
10. 66867 
10. 6681003 
10 66752 
10 665955 


10.665 80 
10.665 23 


10.666296 


10. 66120 


10. 67098 
IO. 67040 


10.656383. 


10.6546 
10. 6640903. 
10.663533. 


19.662393. 
10.661833. 


2287 


3.302044. 
3.363214. 
3.36438ʃ4. 
3.3655 404. 
3.366714. 


754.8942203 


3.38171 


4.89752 
4.89737 
4.89721 
4.89705 
4.89690 

335498 4. 47 
3-3561614. 


4 4.89501 
304.8948603 
4. 89470034 
4.894543 


2 


4.57708. 


/ 


4.89439 


4.8940: 


46939126 


4.873702 
4.893602 
4.89344 

4.89328 
482313 


10.01062 
10. 01064 
to. o O6 
10.010700 
10.0107 3 
10.010760 


0. 66069 
10 66013 
10.65957 
10. 65 
10.65 844 


10.1081 
L0.01084 
Io.01087 
Io. o ioo 
10.01093 


9-35757 
9.35815 
9.35873 
9.35931 
238989 
9.36047 
9.36105 
9.36163 
9.30221 
9.36279 


9.35098 


9.30336 
Co- tine Sine, . | 


10.64302 
10.64243 
10.6418 5 
10.64127 
to. 64069 
10.6401 1 
10.6393 
0.63895 
10.63837 
[0.03779 
10.63721 
10. 63664 


10.01096 
ro. to 
10. or 102 
Io. o1 104 
10.0110) 
10. 01110 


10.6732 
10.6566 
10.65 620 
10.65 564 
10.65 509 
10.6545 
10.65 398 
10.65 342 
10.65 2 
10.65 231 
10.651763 
10. 67122 


1065785 


3.35256 
3.38400 
3.38514 


3.38742 
3.38855 


3.38628 


4.892972 3: 
4.89281 
4.89265 
4.89250 
4.89234 
4.89218 


3.38969 
3.39082 
339195 
3.39308 
E 39421 
3-395 34 
3.39646 
20339759 


73.39871 


3.39983 
3.400951 
3.40207 


10.0IL13}10.65066 


ID.0I116 
TO.OIT1g| 
10.01122 
10.011235 


Tangent Co-tcc. 


10.01128 


10.6501 
10.649560 
10.64901 
10. 64846 
10. 64791 


Secant | 


3.49319 
3.49430 
3.40541 
3.40653 
3.40764 
3. 2488 


4.8920 217 
4-89186 
48917701. 
4.89155 
4.89139 

4.891237 


F 


4. 89028 
4. 89012 


488981 
4.88965 
4.88949 
4.889330 


4.8910/%T11 
4.89091 
4.8907 

805 


.39044 


4.88990 


V. Sine 


E 


2 


— 
7 


(7 


Deg.) 


S0 
S 


| TABLE of Logarithmic | 


Sine [To 5 Tang. |Co-tan, | Secant. ] Co- ec. V. Sine | 


9.352999. 98872 9.3 330 30330ſ10.6 366410. 01128010. 64781 e 
9.35263 9.988690. 36394 10. 63606 T0. 01131010. 647373. 40986 4.889179 
9.35318 9.9886 79.3645 210. 635480f0.011330T0. 6468203. 410964. 8890158 
9.35373 9.988649. 365090. 63491010. 01136010 646273. 41 20% f. 8888557 
9.35427 9.988619.36 56610. 63434010. 01 13910. 645 733. 41317. 88869 
9.35481 9.988 589.3662401 0.633761c. 01142010. 645 1903.414274. 68853 
238536 9.9885 5.2608 110.6331910. 01 14510. 644643. 41 5 3704. 88838 
9-35590.9.9885219.30; 30[10.63262[10.01148110.64410[3.4164 7 88822 
/9.35644(9-9884919-36795[10.63205|10.01T51[10.64356[3.4175 74. 88806 
9.356989.988 469.3685 210.63 14800. 01 154010. 6430203. 418674. 88790 
10 9.357529. 98843. 36909 10. 63091 TO. 0115 710.6424803. 4197604. 88774 
11 9. 35 8069.988409. 36)6610.63034ʃL0. 01 100 10.641943. 4208604. 88758 
12 2 388609 98837 9.37023 10. 62977]10.1163ʃ9. 6414003 421954. 88742 
13 9 -3591419-9883419-37080|10.62920 Io.01166/Io. 64086 3.42304[4.889 36 
14 9.35968 9.9883 10.371810. 6286 3ITC. 0116910. 6403203. 4241304. 88710 
15. 9.360220. I. 9.37193110.62&7]10.01172j10. 6397803. 4252304. 88694 
16 9 360559. 988259.3 7250010. 6275 00ro. 0117510. 639253. 4263 14. 88678 
17 '9- 3612919.98822{9. 3730910 02694 10.0T178[10.6387113.4275914.88602]4 
| 189030 3618209. 9881919.37363 37363[10. 62637j40.01181 10.63816 3.4284814.88646 
199. 362305. 9881609. 3-37419|10.62581|10.01184j10.6376413-4295614-88630 
20 2 36289 9.988 13).3 7476010. 602524010. 01 187/10. 6371103. 4306404. 88614 
121 9. 363420.988 109.375 3210.624680. 01 19010. 6365803. 43 1 7204. 8859803 
22 9.4 303950 98807 9.37588 T0. 62412 [TO 01193010. 636053. 4328004. 885 82 
I 2319. 3644949.9880419.37644|10.62356|t0.01196110.635 5113-43388[4.88566 
124 24 9. $6502] 2 98801; 3-37 700 10.62 30010. 01199 10. 63498 3-43495[4-885 5003 
25 9.365.550). 5.98798 2-37756|10.02244|10.01202{10.63445 343603885 34 
$26.9-3660719.9879519.37812|10.62188 [10.01205; 10.6339313-43710j4-88518| 
1279. 36560 3-9879219.37868ſ10. 62132 10.01208]10,63340[3.4381714.88502]: 
| 28 9. 3671319. 98789 9.37924 10. 62070 10.O01211]f0.63 2873.439244. 88486 
f 
a 
| 


A 


| ow Þ Gs - ol 


" TR". 


08.2 


2. ation 8 1 „ 


29 9.36766. 9878.379800 10. 62020010. 0121470. 6323403. 4403 Ila. 88470 
| 30.9 -3681919.98783[9.3803:]10.61965510 01217]10.63183[3. 441584. 88454130 
31;9.3687119.98780 738591 10. 0 909 TO. oT 220010. 63 12%. 442454. 88438 
3219-3692419.9877719.38147110.6185 31001223 10.63076 3.4435 4.88422 
133/9-3697019.987 7419-38202ſ10.61798[10.01226[10.63524[3.4445 7.88400 
| 349-3702 9.9877119.38257|10.61743]10.01229110.629721[3.44564[4.88390 
$35;9-3708119.98768{9. 3831210. 61687 fo. O1 232010. 629193. 446704. 88374 
136'9-37133[9.98765 9.3336$110.61632]10.01235110.6280713.447 7614. 88358 
379.37185½0.98 762.3842 10.615770. 01238010. 628 153. 44882. 88342 
38.9.3723 7.98 7599. 3847%to. 615210124 1To. 6276303. 4498804. 88326 
$39:9-37289 9.98756 9.385 3<{10.61466110.01244j10.6271113.4509314. 88310 
14009. 37341 .98 7530.385810. 6141 1f0. 01247 10.6265 913.45 1994. 88294 
c 51 9.37393ʃ9. 98755 9.38642 10.61356 10.01250110.62607[3.45 304j4-882 78 
| 42 9-37445{9-987 4519.3869«{10.61301]10.01254j10.6255513.45410j4.88262 
4319 3749719. 98743 9 35754|[10.61246{10.0125 10. 625033-455 L 5 4.88 240 
22 37549 9.987409. 38808 ro. 51792 10. 0126010. 6245 163.4562004. 88229 
45.376009. 9873709. 3886 .ff0. 61137 TO. 01263 IT0 624003. 45 724 4.88213 
46.9.3765 29.98 7349.389150. 61082 fo. 0126610. 6234803. 45 8294.88 197 
4719 377039.9873 109.389 72 T0. 6102810. 0126910. 622973.4593 44.88 181 
48 9.377550. 2822292. 3902 10.6097 10.01272/T0. 62245 3.46038 4.88165 
409 9.37800 9.987259 3908200. 609 1810.001275 10.621943.46143 4.88149 
5009.37858 9.98722 9.391 30/10. 60864 fo. 0127800. 6214203.46247 4.88133 
5719-37909 9. 585196 39190 10.608 100.0128110 C209 13.4635 14.8811) 
52.3960 9.98715 9.392460. Cogr. or 28510. 620403. 46455 4.88101 
S 9.38011 9.98712 9.39294|10.60707[10.01288[10.61989{3.46 559.4 38084 
549. 38062 9.98709 9.39353 I0.60647 I0.01291[10.619 383. 46662 4.88068 
T 7. 32113 9598706 9.39407 10.60593 ſ0.01294]I0.61887] 3.40705 4.88052 
56.38164 9.987039. 39461|10.605 39} 10.01297|10.6183C]3.46869/4-88036 
5719-382 215 9.98700 9.39515[10.6048:[10.01300j10.6178513. 46973 4. 88020 
580. 382 266 9.98697 9.39569 10.6043 1 To. 013030L0. 6173403. 470764. 8800 
599.3831 7 9.98695 9.390230 10. 6037 7 fo. 01306010. 616843. 47179 4.87990 
99 38368 9.98690 9. 32657710. 60323 10 01310 10.616323. 472824. 87971 
Co-ſine Sme Co- tan. Lang ent] Co-ſec. | Secant I. dine N 


1 To — en 


— 
att. —_—_ Da rn * 


© 2 SS SW nO 


( Deg. 14) Sines, Tangents, Secants, &c. 


| M, Sine | 


9.38308 
9.38418 
9.384699 
9.38519 
9.38570 
9.38620 
9.28670 
9.36721 
9.38771 
9.38821 
9.38871 
938921 
238221 
9.39021 
9.39071 


9.39121 


9.39170 
9.39220 
9.30270 
9.39319 
9.39309 
9.39418 
9.39467 
9.3957 
9.39555 
9.39615 
9.39664 
9.39713 
939762 

9.39811 


209. 39860 


9 39999 
9.39958 
3.40006 
2.40055 
940103 


0. 40 2 


3. 40200 
9.40249 
9.49297 
9.49346 
9.40394 
9.40442 


Co- ſine 


9.98690 
9.98687 

9.98684 
9.98681 
9.98678 
9.98675 
9.98671 
9.98668 
9.98665 
9.98662 
9.98659 
9.98656 


9.986529. 40319 


9.98⁰⁴9 
9.98646 
9.98643 
9.98640 
9.98636 
9.93033 
9.98630 
9.9802 7 
9.98623 
9.98620 
9.98617 
9.98624 


| 


9.39677 
9.39731 
9.39785 
9.39838 
9.39892 
9.39945 
9.299222 


Tang. 


Co- tan. 
10. 60323 
10. 60269 
10. 60215 
10. 60162 
10. 60108 
To. 60055 
10. 60001 


9.4005 2 
9.40106 
9.40159 
9.40212 
9.40266 


9.40372 
9.40425 
9.40478 
240531 
9.40584 
9 40636 
9.40689 
9.40742 
9.40795 
9.40847 
9.40900 


9.98010 
9.98607 
9.98604 
29.98601 


9.98597 


9.98594 


9.98591 
9.98588 
9.98584 
9.93581 


9.98578 
9.98574; 
9.98571 
9.98568 


9.98565 
9.98561 
9.98558 
9.93555 


9-40952 
9.4T005 
9.41057 
9.41 T9 
9.41161 
9.41214 
9. 41266 
9.41318 
9.41370 
2 41422 
9.41474 
9.415 26 
9.41577 


9.41629 
9.41681 
9.41733 
9.41784 
9.41836 
9.41887 


9-40490 
9-405 38 
9.405 86 
9.40634 
9.40682 
2 730 

9.40778 
4 40825 
9.40873 
9.40921 
9.40968 


419.4TOI6 


5 

9 

60 
e line! 


9.41063 


619.41111 


9.41158 


9.98551 
9.98548 
9.93545 
9.98541 
9.98538 
9.98535 


9 98537 


9.98528 
9.98525 
9.98521 
9.98518 
9 98515 
9.98511 


9.98 508 
9.98505 


819.4120519.98501 
9-4125219.98498| 
9-41300[9.98494 


Sine | 


941939 
9.41990 
9.420 
9.42093 


9.42195 
9.42246 
9.42297 
9-42348 
9.42399 
9.42450 
9.42301 
9.42552 
9.42603 
9.42653 
9.42704 
9.42755 
9.4 «©OF 


— —— 


Co- tan. 


10. 59948 
10. 59894 
10. 59841 
10. 59788 
10.359734 
10. 59681 
10. 5 9628 
10. 59575 
10. 59522 
10. 59469 
10. 59416 
[0.59364 
10.593117 
10. 59258 
10. 59205 
10.5953 
10. 59 100 
10. 59048 
10. 58995 
10. 58943 
10.5 8891 
10. 58839 
10.5 8786 
1.88734 


10. 5 8682 


10. 5 8630 
19.5 85 78 
10. 5 8526 
10. 58474 
to 58422 
10. 58371 
10. 5 8319 
10. 58267 


10. 58216 


10.5 8164 
10.581173 


10.001313 


I0.07319 


IO.OE 329 
10.01332 
IO.OI 335 
10.01338 
IO.OLI34T 
I0.0I 344 
I0.01348 
10.0135 1 
10.01354 
0.01357 
1001360 
10.01364 
10.0 1367 


10.013160 


to. 01370 
10.01373 
10.0137 
10.0 1380 
10. 01383 
10. 01386 
10.013900 
to. 01393 
to. or 396 
10. 01399 
I0.01403 
[0.01405 


10.61632 
0.61582 
10.61531 
10.614817 


10.01 322 10. 61430 
10. 01325, 10. 61389 


10 0.61330 


| Secant j Co-ſec. c. V. Sine 
10.01 310 


3.47282 
3.47385 
3.47487 
3.47590 
3.47692 
3.47795 
3.47897 


4.8797 T 
4.87955 
4.87939 
4.87923 
4.87907 
4.87870 
4.87894 


10.6T279 
I0.61229 


Io.61179 
10 61129 
10. 61079 
10.6 1029 


10.609 59 
10. 6092903 
10.608 79 
To. 608 30 
10. 60780 
to. 60 730 
10.6068113- 
10. 60631 
10.605 82 
0.60533 
ro. 6048 3 
10. 60434 


3.47999 
3.48 101 


3.48305 
3.48406 
3.48508 
3. 48609 

48710 
3.48811 
3.48912 


3• 49013 


349114 
3.49215 
3.493155 
3.49416 
3.49510 
3.49616 
3.49716 


3.4820 3 


4.87858 
4.87842 
4.87826 
4.87809 
4.87793 


4.87761 


4.87745 
4.87728 


4.87696 
487680. 
4 87663 
4.87647 
4.87631 
4.87614 
487598 
4.87582 


[0.60385 
10. 60336 
10. 60287 
10. 60238 
10. 60189 
10. 60140 


to. o 1409 
1001412 
10,1416 
10.014719 
10.0 1422 
1001426 
10. 01429 
10 01432 
10.014355 
10.01439 
10.01442 
10.0144 


10. 5801 
10. 580 10 
10.5 7959 
1.57907 


9. 4214410. 5 78 56 


10. 5 7805 


10. 01449 
1.01452 
10.0145 


ro. o1459 
10.0 1462 


10.0146 5 


10.577584 
10.5 7703 


10.014609 
10.01472 


10. 5 765210.01475 
10.5 760110. 01479 
10.5 75 5010. 01482 


Io.57499[10.01485 


I0.5744$10.01489 
10.57 397[10-01492 
10.57347[10.0I1495 


10.5729 


I9.01499 


19.57245|I0.01502| 


10.57I9g}I0.01506| 


10 5. 6009103 
to. 60042 


10.59994 
[0.59945 
10.59897 
IO. 59848 
10. 59800 
10.59751 
10. 59 70g 
10.592654 
10. 59606 


10. 59558 
10. 595 0 


10. 59462 
10.594714 
10.59366 
10. 59318 
10. 59270 


3.49816 
3.49916 
3.50016 
3.50115 
3.50215 


350314 

50413 
3.505013 
3.50611 
3.50710 
3. 508094 
3.50908 


4.875505 
4.87549ʃ3 
4.87533 
4.87517 
4.87500 
4.87484 
4.87468 


4.87435 
4.87419 
8740202 
4.873862 


3.51006 
3.51105 
3.5 1203 
351301 
3.51400 
3.51498 
3.51595 
3.51693 
3.51791 
3.51888 


4.87370 
4.87353 
4.87337 
4.87321 
4.87304 
4.87288 
4-87272 
4-87255 
4.37239 
4.87222 
4.87206 


3. 51986 


10.592.22 
10.597175 
10 59127 


10. 59079 


10. 59032 


10. 5 8984 


10. 58937 
o. 5 8889 
10. 5 8842 
10. 58795 
to. 58748 
10. 5 8 700 


3.52180 
3.52278 
3.52375 
3.52471 


3.52568 


3.52665 
3.52701 
3.52858 
3.52954 
3.53050 


3.53147 


4.87190 


4.57173 
4.87157 
4.87140 
4.87124 
4.87108 
4.87091 
4.87075 


4-8777714 


4-87712]44 


4.875112 


* 


4.8705 

4.87042 
4.87025 
4.87009 


2 53243 


Sec: Nt 1. 


Tangent} Co-ſec. | 


Iz 


486992 © 


„ Sine 


5 Deg.) 


N 
4 
' 
g 
{ 
! 
1 
"91 


4 a — wy 


FE 
449-4323 9.983429. 4498111 
4519-43367 9.98338 9.45029/I0.5. 407x/to.or8d2 16.50 6653 3.57455 
4609. 43412 9. 983349 4007810. 5492 T0. 01666 10. 56588 3.57546 
479.43457 9.93331 . 5 2600.347466 
20 43502 9. 98327947174 42717470. 3482615 01653 

9.43546 9.98324 9.45222,10.5477 10.9157 6 454 37879 
509. 43591 9.983200. 45271 347% 10.016890 10. 6409 3.<79to 
519. 43635 9. 98317 9.4531 19.10. £4637; 10,0168 310 £6265-3 3.53001 
52 9.43680 9.98313 9.45367'10. £4622 10.01057;19.56320' 
53;9-43724 9.95309 9.4415 


S 


Sine | 


TABLE of Logarithmic | 


— —— — — . Dn 9 


Co- ſine 


941347 
9.41394 
9-4T 441 
9.41488 
9. 41535 

3 4158219 


9.41 3009.98 49⸗ 


9.98491 
9.98488 
9.98484 
9.98481 
9.98477 


.9847 219 


Tang. 
9 42805 
9.42850 
9.42900 
9.42957 
7-43007) 
)-4305 7) 
43108 


Co-tang 


Secant [ o- ſec. 


6s 


Deg.) 


V. ine 


10.57195 
10. 57144 
10. 87094 
10. 5 7043 
10. 56993 
10. 56943 
10. 56892 


I9.01500/T0. "58700 
I10.01509;I0.5865 3 
10.01512jI0.58606 
10.01516|10.58559 
T0:.015Ig99LO0.58512 
10.01523{10.53465 
10.01526|10.58418 


9.41628 
9.41675 
} 9419-41722 
og. 41763 


8 88888 Bd >= 215] 


r319.4190z 
1419-41954 
15% 42001 


11.418175. 
22.4780 ; 


9.98471 
9.98467 
9.98464 
9.98460 


9.99447 
9.98442 


165. 42047 


18.9.4230 
[7919-42186 42136 
200. 42233 
210. 42278 


$22, 9 42324. 


23. 9. 42370 
24, 9. 42416 


$25 9.424201 


26 9- 42507 
2” 9. 42553. 
25 9.42599 


24942872 


3⁵ 9.42962 


12942093. 98436 


9.93440 


9.0 843 

9.98429 
9.98426 
9.98422 
9.98419 
9.98415 
9.98412 
9. 98409 
9.98407 
9.98402 


9.43208 


943168 


943258 
3 
3358 


tC? 542760 re 
9.43458 


9.43508 
9.43558 
9.43607 
9.43657 

3 9.43707 
9.43 750 
9.43806 
9.43855 
9.43905 
9.43954 
9.44004 
9.44053 
9.44102 
9.44151 


9.98398 


29.9 _ 9.938395(9-44250 
20 9.42690 9.98 39719-44299, 
31 9-42735 9.388 9.44348 10.552 
32 9.42781 9.983949. 240% fo. 5 
339. 12816 9.983 219. 444446 
9. 58377 


35 9-42917 9.98373,9-445 44 


90.98 370 


9.44201 


10. 56842 


10. 56792 
10. 56742 
10. 56692 
10. 56642 
10. 56592 


10.015290. 58372 
10 0153310. 58325 
ro. o15 36TO. 58278 
to. O1 540 fo. 5 8232 
100154310. 58185 
10.1547 T0. 58139 


3.53243 
3.53338 
3.53434 
3.53530 
3.53626 
3.53721 
3.53816 
3.53912 
3.54007 
3.54102 
3.54197 
3.54292 
3.54386 


10.556542 
10. 56492 
10. 56442 
10.5 6393 
10.566343 
IO. 56293 
Io. 56244 
I0.56194 
10. 55145 
10. 50095 
[0.56045 
19.55996 
I0.55947 
10. 55 898 
10.55 849 
10.55 799 


10.557 
10.585701 


ro. O15 5.5 8092 
ro. O1 55 3 10. 5 8046 
0.0155 7.57999 
to. ot 560 To. 579553 
10.015 640(T0. 5 7987 
10. 01567 10·57861 
10.01571110.57814 
To.o1574110-57768|3 
I0.CI578110,.57722 
10.01581110.57676 
10.0158 510.5 7630 
10. 01588 10 Io 57584 


——— — 


10.071591 10.575639 


Io oih0g I0.574T0 


9-44435 


944792 


10.8 56.84 
10. SSO. 
10. 55456 
10.5 5 40 


37 7 9.43007 9. 5835609. 24640 
3819-42053 9.9826 44090 
39 9-43098 9.98259 9.44735 
+0 9-43147 9.98550 9.4478) 
47/9-43188 9.98382 9.44926 
2 90. 43233 9. 983499. 4482 4 


lo oI012'T0.5726513- 
10.01616 10.5721943- 
ro 01619 T0.57 I 741.3: 
18. 07: , 2 10. $7178 2. 


ro. 61627 10. 37083 
19.1630 10. 57038 


10.585359 
10.55 3101 


10. SS 213 


49 


| . 2.44034 9.98234 9.45 750 
ts -o-line Sine. * [Co-tan. 


5419-437 69 9.98396 9.45463 


56 9.43857 9.98299 9.455590. 54441 f. 0701 10. 5143 
56 9.4390 9.98295 9.45 506010. 51394 T0. 1705 10.5 CO gg 
819-43946 9.98291 9.45654/10. 54340 10. 01709 10.5604 
9 9.43990 9.98288 9.45 702/10. 54298 10. C 1712 10.5610 


10. 5 262 0.01 4 10. 57090213 


10 1991634 10.699 3 
2.01627 10.6977 


3.5681 


3-54481]4. 
3-534573514- 
3-5467014- 


3.54764 


3.548 5804. 
3-5 495.3}4-00095 
3.550474. 

3.55 14004. 
3.55 2344. 
3.55 32804. 
3.554224. 


3-58 


3.8500 0 a 
r0.0I595]10-574931}3: 
I0.01598|19.5744713- 
10.016020. 5740113. 
10. 01605 IC. 5 73560ʃ3. 


— 


4. . — 
25 
4.50959 
4.86943 
4.86927 
4.86910 
4.86894 
4.86877 
4.86861 
4.86844 
4.868285 
4.86811 4 
4. 86794 48 4 


KKS 


3.50537 
3. 56629 
3.56721 


3 56905 


10.071644 10.5687 


19.5104 01648 10.562 12 3.5709 


4 56997 


1414 80430 26 


4-80413 25 
4. 86396 24 
4. 86380 23 23 
4.86363 22 
4.86347 21 
4. 85330 201 
4.86313 70 


04 . 


10.8511 [x0 01657 10 56767,3- 57*8c14.86297 187 
5 10 015 57 < 10. 557223 3. 572 27214 86280 17 
10.5 0.92658 18. 3657713.5736404.86263 16 
4.26246 15 
4.86230 14 
19. 76543 3-5763714-80213 13 
10. —. 36498 3 3. 337728 4.86196 12 
4.86180 11 
4.86162 10; 
4.86146 g 

3.580924. 86130 8 

10. 545 8 f 0. 01691 10. 5627613, 5818214. 2 
10. 10.5437 19.1694 10. 36231 $3: 58273 2 85006/ 6 
5519-43813 9.98302 9.455 1110. 54489 75 1678 10.575187 73 5836304 86079} 5 
3.58454 4.860630 4 
3.58554 4.86046 3 
3.58634 4.86029 2 
3.587244. 86012 x 
425010. 01716 20.569603. 58814 4.85996 © 
—.— JK — Secant 5 V. Sine 


— 


(16 Deg.) Sines, Tangents, Secants, &c. 


M, Sine JCo-fine! Tang. | 
4403419-95464 9-45 750 
44078 9.98281 9-45797 
4412219.98277 9.45845 
9.441669.98273 9.45892 
9.442109. 98270 9.45940 
9.4425 39.98 266 9.45987 
9.4429 79.98262 9.46045 
9.44341[9-98259;9-40082 
9-44385|9-98255 9.46130 
9.44428 9.98251 9.46177 
9.444729. 98248 
9.445 169.98244 
2.44859 9.98240 9.4319 
7300. 44602 9.98237 9.46360 
14.446469. 98233 9.46 
59.446899. 98229 
9-447 3319-98226 
9-4477619-98222 
9.4481919.98218 
9.443862]9-98215 
9 44905ʃ%.98211 
9.449489. 98200 
9.44992. 98204 


— 


— 


A 0D = ] 


© cowl o 


9.4507719-98I96 
9.45 1209.987192 


9.45 2929.981779.47114 
9.45334 9-981 7419-47160 
.98170]9-47297 


9.45462 9-9816219.47299 
9.45504 9-9815919-47 346 
9.45547 ;9-95155 


Co-tang. Sccaut | 
10. 54250 £0.017I6 
10. 54203 10.001719 
10. 54155 10.001723 
10 54108 10.01727 
10. 54060, 10.017 30 
10. 54013 10.017 34 
10.5396 10.017138 
10.5 3918 10.001741 
10. 5 3870 10.01745 


10. 53729 10.0 1756 


3.59619 4.85 845 


10. 53634 


10.5 335 210.0178510. 55 138 
10.533060. 0178910. 5509 
10. 5325910. 01793010. 55052 
10. 5 32 1210.017960. 5 5008 
10.53 ˖65 10. ol 80010. 5 4965 
10. 53119/T0. 0180410. 54923 
10. 5 3072 T0. 01808 10. 5480 
10. 5 3025 10. 0181110. 54837 
10. 52979 10.0181 10. 54794 
age ordne 10.5471 

10. 01823010. 54708 
10.5 29400 01826010 54666 


10. 52886 


3.59975 4.85777 
3.60063 4.85 760 


3.60417 4.88693 


10.5 96666 

10. 5592203 
10. 55873 
10. 55834 
10. 55 790 
10. 55747 
1055708 
10. 55659 
10. 55615 
10.5 3823 10.01749 T0. 555 72 
10.5 377610. 01752110. 555 28 
10. 55484 
10.5 3681 10.01 76010. 55447 
10.017603, 10. 55 398 
10.5 35 8 710.01 767 T0. 55354 
10.5 3540010. 01771010. 55311 
10. 5349310. 0177410. 55267 
10.5 3446/I0.01778010.55 224 
10. 5 3399 10.017842 10.55 181 


3.591734. 5929.5 


3.59262 4.85912 
3-59 352 4:35895|54 
3.59441 4.85878 
3.595304. 85861 


3.5970 4.85 828 
3.59797 4.88871 
3.59886 4.85794 


3.6015 4.85744 
3.60240 4.85 727 
3.603294.85710 


3.6050 504.85 076 


3.007644. 85626 
3.6085 1]4-85609 
3.6103 204.855 75 
3.61 12004. 8555 8034 
3.612074. 85541033 
3.612940. 85524032 
3.61382ʃ4. 8550031 
3.614694. 85490 


3.60504. 85659 
3.6068 104. 85642 3 


10.5 279310. 01830010. 54623 
10. 52747 Ic. Oo1 83410. 545 81 
10. 52701 0.01838 10. 54538 
10. 5 265 4 0.01841 10. 54496 
10. 526080TO. 01845 To. 54453 
10. 525 62T0. 01849710. 54471 


* 9.45589 9-9 IST 
75.456352 9.98147 
9.456749 981441[9-47530 
9.98140.47576 
9.981369 47622 
9.981 3219-47668 
9.9812819.47 714 
9-y812514.47700 
9.9512119.47806 
9-95117(9.47852 
9-9e1139.47097 


7.98079 9.48307 
9.98075 9.48353 
7.980719.48398 
9.980679. 48443 
9.980639. 48489 
2.98060 9.485 34 
dine Cort an. 


10. 5 25 10010. 0185 3010.564368 
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55 
38 
39 
40 
41 
42 
43 
44 


33 958375 


9.57885 


Sins [Co- ine Fang. Co-tang. 


9.96717 . 00641 10.3359 
9.907 19.6067) 10.3323 
9.96 7069.60 14 10 39286 
9.96701 9.60750 10.3250 
9.96696 9.5078, 10,2021) 
9.6691 9.60823 [0.3)I77,10703309|10.42486 
9 9668819.60859 10. 3914 7 [9.03314 10.4245 
9.57576;93-96981 9.0005 9.3716 18.033719 15.4242. 
9.5760 7½%.96676 9.6031 10. 39069 10.03324 
9.57638 9.90 0 9.60967 10. 39033 103 30 


9.58131 
9.58162 
9.58192 
9.58223 
9.58253 
9.58284 
9.58314 
9.58345 


9.58406 
9.58436 
9.58467 
9.58497 
9.58527 
9.58557 


9.58618 
958648 


9.58708 
958739 


9—59039 


9.61615 
7.6160 
7.69687 
9.61722 
9.02755 
9.61794 
9.61830 
9.61855 
9.61901 
9.61930 
9.61972 
9.62008 
9.62043 
9.0207 
9.621 14 
9. A2 
Jus 1 8 
9.62221 
3.02250 
9.62291 
9.02327 
9.62362 
3 62398 
9.02433 
9.62408 
9.62504 
502539 
1202574 
9.02609 
9.02645 


[0.38278 


9.57669, 3-96065y.6 i004 10.389 ,6,10.03335 
9.57700 9.0660 9.61040 10.38960 10 23340 
| 129 57731|9-96655 3.61026 1 . 38924 10.0324c r0.42269 
9.776290 6650 0144 10.388: 6 10,033,9,10.4 233 
9.57793'9-90045.9.61148 10 38852 10.02355 10.42297 
| 9.76640 9.61184 10.3881 6 10.3300 10. 42176 
9.96634 9.61220 10. 38780 10.03 36619. 42146 
9.76629 9.612561 337441 3371 I9.42I15 
18 9.57916 9.25524 9.61242 19.1808 1 01360 0.42084 
9.1326 10 38572 10. „3 0.42053 
9.61364 1 +38536 0.03386 10.42 22/3.87512 
3 61400: 10. 38600 19.9332 10.41992 3.87577 
9.61436 10.38 4 19.93337|10.41 ;6r,3.87641 
10. 38528 10.3402 10.5 10 3003. 8770 
10.3842 1.03407 1. 4183.8 768 
10.384 5601.34 1210.4 3.8783 
10. 3842110. 03418131938 3.37 90 


10. 28386 
1.38340 
10.3837; 


(0.38242 
10. 38206 
10. 38170 
10.38 13.5 

2.38099 
10. 38064 
10. 3802. 
19.379972 
10.3795 
10.379271 
10 37886 
10.37550 
10.378 15 
10.37779 
19.3774 
10. 37709 


10.376602 
10. 37567 
1.37532 
10.3749. 
10.3746 
10.3742 
10.373911 


30.3528 
5.03533 


5 59.59098 


959069 


8 959128 
9959158 
9.55138 
—— 


Co- inc 


9.90424 
9.90419 
9.96413 
9.96408 
9.90403 


dine. 


9.02680 
9.627155 
9.62750 


10.37355 
10. 37320 
10.3728 
10. 37250 


22785 


Tos tan' 


10.3721; 


10. 03283 


UT 


— ERIE. 
10 4264 


10.032891 4261 


10.03 294 [20-42 58 


10.3299 


1003304 


i 
) 


19.3423 
10.3428 
1.03432 


10.03444 
1 03449 
19.034574 
10.0345 7 
10.034005 
[0.03470 
19.03475 
10. 523430 
1.03486 
10.03 491 
10.03 496 
0.03502 
[0.03507 
10.03512 
0.03517 
0.035 23 


10.425 4 
10.425 18 


19.42424 
10.4239 
1 42362 
1.42331 


10.4230 


(22 Deg.) Sines, Tangents, Secants, &c. 


95 


19.416005 
1.41777 
9.4147 


10.3438 141715 


10.4168 
19.4165 8 
0. 41625 
1541 994 
10.45 657 
10.415 
————— 
1.41503 
19.414373 
10 41443 
10.414712 
10. 41382 
10.4135 
10.413722 
10.4129 
10.412611 
10.41231 
10.412901 
10.4117 


O. 03539 
0.03544 
10.0354 
0.0355, 


10.4114 
104111 
0.41031 
0.41051 


10.035 60110. 41021 


10.035 65 
10.03571 
o. 03576 
0.03581 
10.035 87 
10.0359 2 
10.035597 


10. 40991 
10.4961 
10 40931 
10.40902 
10.4087 
10.40842 
1040812 


Co- Io . 


Se apt: 


3.87192 


3.87320 
3.87389 


7 3.885 JO 


3.87449 


- 


3,8 707 
3. 8802 
3.8308 
3.83r5c 


V. Sine | 
6222 4.796105 
3.36288 4.79597 
3.86333 4.79878 
86417 4.795957 
86482 4.794005 
5.80% 47952255 
3.866 7.5 4 79503154 
3.860 ; 0 4.79484 
3.2647 4. 2465 
3.26896 4.79447:57 
3.86870 4.79498 £0 
3.869354. 0400 40 
3 85990 A. . 
3.87062 4. 7747 
3.87 1 28.772353 46] 
4.79334 45 
3.8725604.79315 4 

4.79296 4. 
4.7277 47 
4.79256 Tl 
4.79240 40 
4.79221 39 
4.79202 30 


$9 


8 


xv 


$3 
e2 


— 2 9 


1.79183 37 


4.79164 2 


2.79145 25 
791263. 


4.19197 23 


„7.9 
'.7) 70 21 
7051 JO 


3.8827 1.770329 


3.88277 
3.8334 
5.8810. 


4.79012 28 


i.789)4 27 
1.78478 24 


3.884674. 7896625 


3.3859. 
3,68" 5 
3.88; 2” 


3.68346 
3.88 7 
— 
1877 
3.8903. 
3.8 
3.69 60 
389223 


[. 0335 4 


— 


8918 3 


4.8899 221 
4.78890 21 
3.8878 fa. 8861 20 
4.7842 19 


1.78823 18 
4.797861 d 
4.78767 r5 


4.78548 14 
2.78729 13 


3.828004. 8710 12 


— — 


3.8345 


3. 8941104.7 671.10 


3.89473 


4.7865 2 0 
.89530ʃ4.786 3308 
3.39598 4.78614] 7 
3.37661 4.85 0 
3.84723 4.765 70 
3.8 .785 4.7855 
3.89<48 4.78 38 
3.89910 4.78, 1. 
3.89972 4.7850 
3.0024 4.7848. 


© > F« 4 


wy 


— 


Zangen: 


(07 Deg. ) N 


2 
Q 


Sine ci 
9.96403 


= 


| 
Sees 


72 
18 


19 


21 


23 
E. 


25 
5 
28 


31 
32 
3 


35 


E. 


20 g. 59778 
22 9.59837 


26 9.59954 


29 9.600471 
30 


34 


50 


52 


9.59188 
9.59218 
9.59247 
9.59277 
9.59307 
9.59336 


9.59390 
9-59425 
9.59455 
9.59484 
9.59314 
9.59543 
9.59373 
9.59602 
9.59632 
9.5 690 
9-59720 


9.96392 


9.59366;9-96379 


Tas LE of Logarithmic 


Tang. 

9.02785 
9.62820 
9.62855 
9.02890 
9.62926 
9.62961 
9.62996 
3-63031 
963066 
9.63101 
9.0313; 
9.03170 
9.0320: 


9.99397 


9.96386 
9.96381 
9.96376 


9.96365 
9.96360 
9.96354 
9.96349 
9.96343 
9.96338 


9.63240 
9.63275 
9.6331 
9.6334³ 
9.63379 
9.6341. 


9. 9.96333 
9.96327 
996322 
9.96316 
9.96311 
9.96305 


9 59749! 
9. 5980. 


9.598660 
9.59695 


9.63449 
9.63484 
9.63518 
9.63553 
9 63585 
3.63622 


9-96300 
2.96294 
2-95289 
9.696284 
. 
9.96273 


9599 


9.59983 
9.60012 


g.6007c 


9.03057 
9.63692 
9.63720 
9.63761 
9.63796 
9.033 30j1 


9.96267 
99626209 
9.96256 
5.96251 
9.962455 
9.962420 


9.60090 
9.60128 
9.6015, 
9.60186 
9.60215 


9.00273 
3.60302 
9.60331 
7. 6035 


9.80244 $5 


_ 63865 
9.93599 
53734 
9.03908 
1.04003 
264237 


9.96234 
7.976220 

9-907 
9 96216 
2.96212 
96207 


Co- tan. | Secant | 


[0.37215 10.0397 
10.37180:10.05673 
to. 37145 10. 03608 
10. 3717010. 03614 
10.37074 10.003619 
1.37039 


10. 37004 
10.36969 
[0.359934 
19.39399 
10. 36865 
0. 36830 


co 36795 


10. 36700 
[0.30725 
ro. 36690 

0.3665 5 
0.36621 
10. 36586 


10.3655 1 


10.365716 


10. 36482 
10. 36447 
10. 36412 
10. 36377 
10.36343 
10.36308 
10.30274 
10.36239 
10. 36 204 
10. 0.36170 
10 © 26135 
10.20IO071 
18. 36066 
IO. 36032 
10.35997 
19. 35963 


| 


9.96201 
9. 96196; 
9 9619c 
* 9618; 


3.623951: 
9.60417 


9.6047 
9. 60503 
96053219 
9.60561 
9.Co5891s 


9.604 46). 


9.90177 


5.06174 


9.99168 
9.96162 
9.96157 

9615 
9.96140 
9.96140 


9.60646 % 


9.69675 
9.60704 
9— 752 
9.60761 


5 2.69; ; 89, 


5.60618 
79.602846 


9.60931 
Co- fire 


9-96135 
9.96123 


9. 96112 
5.96107 


.YGLOT 


96095 


9609 


7. 60875! 9 96284 
9-60g03'g-90079 


9612) 
9.96118 


10.35 928 
10.35 894 


9.64072 
9.64106 
Jo 64140; 
9.04175 19.55325 
5.64209 19.3579] 
4.04243 1035757 


10.35860 


(23 Deg.) 


10. 10.03635 


10.03695 
IO.03711 


10.03727 
10.03733 


10.037 44 


I0.093755 


10,03777: 
IO 03782 
10*03786 
10.03793 


16.3799 


10.0380 


10.0381 
10.038145 
£0.03821 
10.03826 


3.64275 5 10.35722 


7 64312 10. 35088 


4.64346;70.35054 


4.64381 10.35619 


9.64415 10.35585 
9.64449 19.3551 
964483 18.3851) 
9.645 15 10.354383 


9. 64824 10.3 


9: 073 


dic 


9.64552 10:35446 
9.04586 1.35414 
3.64620 10.35 360 
9.64654 10.35 340 
9.04038 10.353172 
9.04722 10. 35278 
04756 10.35 244 
964790 IO. 35210 
3176 
9.64858 10.3142 


10.0332 
10.0383 
10. 0384.3 


10.03865 
10.03871 
10.03877 


10.0391 


10.03624 
10. 10.036030 


10. 03640 
10. 03646 
10.0365 1 
10.003657 
10.03662 
10.603667 
10.03673 
10.03678 
10.0 3684 
10 03689 


10.3700 
to. 3706 


10.037716 
10.03722 


10.3738 


10. 03749 


10.037600 
19.037000 
10.037717 


10.03 849 
10.003854 
10.038060 


10.003882 
10. 02888 \I0.39266| 3 
IO. 03893 1039239 
1003899 C· 3924140 
10. C03905ʃ10.39182 
10.0391 51039154 
100. 37125 
10.0391 1039097 
10.03927 2. . 


Coder Dm 


10. 40105 


10. 40017 


10.399001 


10.397276. 


10.3098 


10.390693 
10.390413 


10.325883 


10. 39497 
10. 39406 
1039439 
1.39411 
10.3938 


10.9325 
10.9290 


VII" IV. LAST 
10. 4081203.9003 
10. 40782 
10. 40753 
10. 40723 
10.4069 3 
I0.41664 


4-78481 
4.78462 
4.78443 


3.9003 
3.90096 
3.90158 
3.90220 
3.90282 


3.90344 


4.78404 
4.78385 


10. 4063413. 90400 
10. 40604. 
10.405 75 
10.405 45 
10.405 16 
10.404863 
10. 40457 
10. 40427 
10. 40398 
10. 40368 
10. 40339 
10. 40310 
10. 40280 
10.402511 
10.460222 
10. 40192 
10. 40163 
1.40134 


10.40 0.40070 70 
Io. 40046 


10.3988 
1039959 
1.39930 


3.90468 
3.905 29 
3.90591 
3.906534. 78290 

907140478271 
3. 907764. 78261 
3-9083714.75232 
3-90899(4.78213 
3.90960{4.78194' 
3.91022 
3.91083 
3.911444 
3. 971206 
3.91267 
3.91328 
3.91389 
3.91450 4. 7800 
3-915 114. 4. 80a 
3.91972 4. 478002 z 
3.916334. 7798303 
3.916944. 797055 
3.917554. 7794403 
3. 91516 4. 779353 
3.718764. 77006080 


4.78328 
4.78309 


4.78156 

78136 42 
478117 17 
4.7 8098 


0.39972 
10.39843 
10.396814 
10.397853 
10.397003 


3 


— 5403.9. 


10.39354 


3.91937 477886020 
3.9199804.77867 
3.9205 84.778482 
I. 54149478286 
3.93179 4.77809 
3. 3.222404. 22 


3.72361 4 77 7512 
92421 4.77732 


3.92542 4.77693 
3.92602 4. 77674 
3. 92602 4 IL 


Ze 927824 77616 
3.92843 4.77596 
3. 929020. 77577 
22024588, 77558 


3.93082 
3.931424. 77500 
3.932024. 77480 

93262 4.77401 


4.77519 


— 


4.78424 


4.78366 
4.78347 


4. 781754 44 


4.78079 
4. 35605 


45 


43 


4 
40 


38 
37 
36 


20 
28 


27 


26 


25 


92482 4.7771 3 


3.93022 4. 7753801 


3.923321 4.77441 

3-93: 3-93381 2 2427 
3.93441 4.77403 
3.93500 4. 773553 
3.935560 4.77364 4, 
3.93019 4.7 7 344; 
3. dt fe SHE 72.325 


: —.. 


*Y 


211 
20 
19 
18 
17 


5176 


— 


12 e e. an wo 


! 
2 


$65 Deg) 


8 Fangent 


7 


—” 
* 


— 


— 


T”. 


S- a5 . 


_ 


(34 Deg.) Sines; Tanigents, Secants, bc 


"Tang. | Co-tan.{ Secant Co-ſec. V.Sin=- | 
- — —ä4 — 2 —— 


550971 9-90073 9.64858,10.35 142110.23927|15.39069[3-9397914-77 3350 
3.659% 9-90567 9.64892110.35 108[10.93333/10.3994013-937 38]4-77 395159 
3.6098 9.96052 9.649 260(T0.35074 10.0393810.39012 3.93798 4.772868 
61016 9.96056 9.649600. 3590400 03944 10.389384 3.93857 4.772667 
9.61045 9. 900 g9.6495941159.35000 10.03950{I0.3895 513-939 16j4-77.247j56 
9.51073 9-9604519.05028|10: 349 72119.03955 10. 3892743-939 751477327155 
9.61191 9.96039 9.65062 10. 34938 0.039010. 38899 324035 4.7720854 
7.51720 996 34 9.05096[10.34904[10.03966t0. 3587 113-94992 4-7 7188153 
9.61158 9.96028 9.65 1 30[10.34370110.” 3972 10.38842143-2415 5 4.77169152 
3.61136 9.96022 9:65164110.34936 10,03978110.3881 443-9421214-77 149 51 
0.61214 9.96017 9.65197 10.34803 19.03433j10:3878613-9427 114-77 £30 50 
1119.61242 9.96011]9-65231119.34709 10.03985j10.387 5813-943 304-77 £10147 
4 :]4.61270 9.96004 9.05265110.347 3 410.03995 10.3872013 943891}4-77091 48 
3 1.61298 9.99000 9.05 299 10.3470 .440.04000 10.3870213-9444814-77071147 
14.613269 95994 9.053331£9-34067 10,04006ir0 3867 413-945071[4-7 7052 46 
4x519.61354 9.95988 9.65 36610. 34634/T0.04012 10. 38646 3-945 66[4-7 7032145] 
109 61383 9.98982 9.654000. 3460010. 04018010. 38618 3-9462414-7 7013144 
1790.614711 9.95977 9.65434/10.34560/10.04023 10.385 89 3.94683 4.7699 3143 
Fee 9.9597 110-65647 110 34533] eee 4850 4.76974j42] 
©513-01466 9.95$05[y-9559110.34499112-04035 10.385 33 9480004 76954 41 
20.614949. 5960.65 5 35 10.34 4650. 40 tO. 38 506 3-9485914-70 93440 
0.61 5229-95954[9-65568110 34432[10-04040110.38476 3-94918/4-76915/39 
5. 15 50 9.989 48.560210. 3439801. 0405 2110.3845015-947 7614.76295136 
9.61578 9.95942ſ2-05636\10.34 394 10.0403$110.3842213-95035[4-70876'37 
2 61606 9.905937 9.65669 10.34331110.04003ſro. 3839403. 85 4.768636 
3.61534 9.959310. 793 0.34297 10.04069|10. 383683.95 151 4.76836 35 
5.616627. 95 92 9.6 73610.3426 410.0475 0.38338 3.952 104.7681) 344 
9.61689 9.95520 9.657700. 34230 10.04080|r0.38311 3-95268,4-76797 33 
3.617 1719-95914[3-05803j10-34197 1c. O4o8 io. 38283 3.7552604.76778 32 
9.6174519.9.5908 65837 1.34163 10.040920. 3825 5 3.953385 4.76758ʃ31 
9. 3.90268 20110. 34130 10. 4 to. 38227 3.95443 476733039 
9.010009. 9 587 765904. 34096 10.04103T 0.382003. 95501 4.767192 
329.61828.95891 9.65937 10.340531. 0410% 0.381723 95559/4-76699125 
13319.6135619.95 885 3.65971110.34029j19-C41151r0 38144395 174.7667927 
34.6188 30.958 79%. 06004 10.33990½1 04121 10.381173. 95675 4.76660 26 
55.6191 1.98873 3.66033 10.33962|10-04127)10.35089j3-95733 4.7 6640125} 
[30[9.61930}4.95 $68] 1.6607 1/10.33929|19-0413% 0.38001 3.9791 470020124 
3719.61900t 3.45 604 366104 19.33%96 10.041 28j10.38034i3-95349 4-7 0001]z3 
43514.61994ſ9-9585619.6613810.33562112-24 744 to. 3800603 95907 4.765810 22 
391 4.62021j9 95830(9.65171119:33829|y-04T59110.37979 3.95965 4.76501]21 
40%. 2049.95 84442.06204(10.33196j19-04150|10.37951 3.90023 4.705422 
141.6207069. 9583) 3.66238'19.33702 10.0416 1]fo. 37924-96080 4.70522|I9 
$4219.62104ſ9.9583 300.6627 1/19.33729/20-04167110.37826 3-96138 4.76592 
P —. ES Rh RI - — A 
4319.0213119.95827j3-00324/10.330y0; 12-0417 3 10.37 809(3.y96190 4.70482 17 
3 9.62159½0.95 821.6633 710.35663 18.0579 10.37841.96254 476463016 
4513.6218619.95 $x:19.66371,79.33629j10-04I65 10.3781413.903LI 4-70443!15 
4019.62214]9-95%10 5.66404 10.3359 10.041900. 37 78613.96329 4.7642 3|14 
| 450 9.02241 9.95804 2.66437 10.33563/10-94196 19.37 759 3.50426 4.76404[13 
40\4.92208| 3-95 736 9.60470 10. 33538 4202 10.3 773296484 4.76384 12 
$4919-6229519:957921).06503 TO 33497 10.04 208 10. 37704 3.90. 41 4.7304 
5 9.0232319:95 780 9 6653 710.3346301. 42 14 10437677;3-96599 4.76344 
{> 119.6235019.95 760 9.66570 19.33430 10.042 20 10.3750 3.96056 4.76325 
520.6235795 775.6660 16.333971. 04225 10. 376238. 90773 4.70305 
5 319-0240519.95 769 9.66636 10.33364 19-0423 1037595 3.96770 4.76285 
$313.0243319-95763 3.66669 10.3333 1 10. 2370.372858 3.96828 4.70205 
5. 9.6245919-9575 719-06 702/10.33298,10.0424310.37.54I 3 90885 4.70245 
$50j9.6248019.95751 9.66735 (10.33 265 fo. 04249 1.37514 3.90942 4.76226 
5713.625T1 319.95 74519 66768 10.33 232,10.04255/19.37487 3 96999 4.7 
58.625 4119-95 739{9-66201 10.33199/10:04201'10.37459 3.97056 4.76180 
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9.71586 
9.71617 
9.71648 
9.71079 
221759 
9. 71740 
9.71771 
9.71802 
9.21833 

9.7 718655; 
9.771874 
9.719285 
9.71955 
7.71986 


3.9471. «).7 201" 


9.73048 
9.72078 
9.72109 
772140 
9.72170 
9.722001 


10.286661 


10.051355 
10.05 142 


10.286300 05 148 


10. 28599 


10. 28569 
10.285 28 


1C,28307 

10.28476 
10.28445 
10.284174 
10. 28383 
10. 28352 
10.28321 
10. 28291 


10.282060 


0.28229 


10. 28198 
10.2517 


10.28 137 
10.2810 
10.2807 5 
10.2604 
70.2801 4 
0.27983 
10.2795 
10.27922 
10.27891 


£0.27 860 
10. 27830 
10.2770 


10. 0.05108 
10 O5I74 
0.05181 
10.05 187 
19.0519, 
10.05 201 
10.05 207 
10.05 214 
ro. 05 220 
0.05227 
10.05233 
10.05 240 
[0,05247 


J:71215!10.48785,19.05IT1611 
9. 7124 10. 287; 410.5 122010 


10.05 129.1 


9.33901 
53870 
0.33352 


[ 


10.33827 
10.33803 


10.33779 
10.0515 10.33754 
20.7 5IG1,99.33730 


10. 33705 
10. 32681 
10.33657 

10.3363 2 
10. 33608 
10.335 84 
10.3359 


4.05045 
4.0507 
4.05149 


4.05252 
4.05 304 


4.05200j4. 


4.73119 
4.73999 


to. 33535 
10. 333 11 
10.33487 


10.334620 


10. 33438 
[0.33414 


4.0535; 
4.05 407 
4.05 45804 

4.05510 
4.05561 
4.08613ʃ4 


4.73078 
473857 
73036 
4.73015 
9.72994 
4.72972 


4.04578 4.73389 44 
4046 04-73369 47 

482 4.75348 4 

4 54727 4.73327 4 
4.04786 4.733060 
914.048 38{4.7 3286139 
4.04890'4.73205 38 
4-0494114-73244!37 
44023 4.23223 30 


ü 6 _— — 


10.0525 
0.05 260 
10. 05 266 
10.05 273 
10.05 280 
r0.05286 
10.95393 
10.05 ZOO 
10.C5306 
10.05313 
40.05 320 
ro. 5326 


9.94607 
9.94665 


< 94047 


19.9464ct 
649.946 24 


9.722271 


9.72262 


9.72293 


22323 


10. 27769 
10.2773 


10. 27707 
10.27677 


9.72354 10. 27640 


2.72384 


9.67090 
9.07113 


3-94027 


4 94620 


9.94619 


9.94607 
29.671737 
09.677161 


9.9460 
9-94593 


9. 72419 


9.72476 
9.72506 
9.72537 


9.22507 


Sine. 


4 


C O-tan. 


10.27 7610 


10.275 85 


J- 72445 10. 27555 


10. 275 24 


19,27494 
10.27403 
10.27433 
Tangent 


10.05 333 
10.05 340 
10.05 347 
0.05353 
10.05 360 
19.05 366 


| 


10,33390 
10. 33366 
8.33342 
10.3331 
10.332944 
10.33269 


4.05 664 
4.05716 
4.05767 
4.05818 
4.05870 
4.05921 


4.72953 
4.72932 
4.72911 
4.72890 
4.72869 


10.33245 
10.33221 
10. 33197 


1033775 


10.3314 
10.33 125 
10.33101 
10,33078 
10. 33054 
10.3 3030 
10.3 3006 


10,32982 


405972 
4.06023 
4. 06074) 
4. 06125 
4.06177 
4.06228 
4. 852795 
4.06330 
4.06381 
4.06432 
4.06483 
4.06533 


10.05373 
10.05 380 


10.05 386 
10.05 393 
10.05400 
10.05407 


10. 32958 


10.32934 
ro. 32910 


10. 32887 


10. 32863 


10.328 39 


Co- ſec. Secant | 


40058404 
4.06635 
4.06686 
4.007 37 
4.00787 
4 06838 


— — 


4.72827 
4.72806 
4.72785 
4.727655 
4.72744 


F 9.727230 


4.72702 
4.72681 
4.72660 
4.72039 
4.72618 
4.2597 
4.72570 


4.72534 
4.72513 


V. Sine 


4.7 2848 18 


4.725.550 


4.724920 1 
4.72471] © 


a7 


4. . 


{25 Deg.) Sines, Tangents, Secants, &. 


; "4 


{107208 


Sine | 
„67167 
1.07185 


7. 67232 


9.67280 
67303 


8 C=y S Th 3. * 


4 
110 
111 


12 
To 
14 
115 
10 


20 
21 


* 
Iz; 


27 
30 
31 
32 
{33 
| 34 
35 


30 


— — 


(9.07445 


1719.67503/9-94479! 
$8919-07.586 


1199. 


1 220.07 6209 94445 
239.6770379. 94438 


20.67773˙9.94417 
27.677969. 94410 
28 9.078209.94404 


3.07 327 
3.07359 


9.67398 
9. 67421 


; 9.94465 
9.94458 
9.7451 


9.67633 
3.67050 


9.67720 9-94431 
967750 9.94424 


9.67843 9.94397 
9.67866 9.94390 
9.78909.9438. 
9.679139 9437 
9.07930 9.94369 
3.07959:9.94362 
3.07982;9-94355 
2.08006. 94349 


37 
38 
3) 
40 
41 


9.08098 9.94321 


9.099. 434 
9.68052 9.9433˙ 
7.68075 9432 


2 


44 
43 
140 
147 

ab 
49 
50 
51 
52 
53 
2 


ba 


9.63121 9.943 14 


)-06107'9,94390 
3.63190,9.94293 
9.68213 9.942586 
3.068237.,9.94279 


4.08282,9.94266 


9.08305'g 94259 
9.68328 9.94252 
9.6835 19.94245 
9.08374 9.94235 
)-08397 9.94237 


9.68443 9.9421) 
9.684669. 942 t0 
68489 9.94203 


ö 


Co- fne n 
9.94593 9¼7 2507 T0. 2743 
9.94587 7.72595 10. 27402 
9.945 80 9.72623 10.2737 
9.94573 9.72659 10.2734: 
672509. 74567 9.72659 10.2731 
5.945609 72720 10.2728 
924553 9.72280 19.272 
9.74546 9.72780 T0. 2722 

9.745409 72811 T0. 2718, 
167 3740-3493 9.72841 10 27159 
9.94520 9.72872 10.2712% 
9.94519 9.7290 fo. 279 
9.94513 9.72932 1. 270 
2.674689 94595 9 72963 10.2703 
0749 2/4499 2.7299 12 27007 
9.575 159.9442 9.73022 10. 20977 
9.57 53919-94485'9.7 305 4410-25946 
9.7 3684\1c.26916 
9.94472'9-73L 7 4/10.20880 
59.73 144 0 26855 
9.73175 
9.73205 
9.73235 
9.73265 
9.73295 
9-7 33% 
9.73350 
94-7 3350 
9-7 3416 
2.73440 
973470 
9.73507 
9.73537 
9.73567 
9.73597 
9.73627 
9.73057 
9.73687 
9.73717 
973747 
7.73777 
9.73807 
42 2.58144 9.24307%.73837 
9.73867 
9.73897 
9.73927 
) 73957 
9.68260 9.9427 39-73987 
P4097 
9.74047 
9.74077 
974107 
9.74130 
9.74166 


Ton. | 


10. 26825 
10. 26795 
10. 26765 


Sccant. Contec. Ys SIN; n 


142-05 427 
$0923 43.3 
19.95 440 
10.05 447 
19.05454 
10.05 450 
190.05467 
10,955 474 
IO 05481 


10.054974 
1005501 
10.05 50 
10.055 15 
10.05 521 
10.055 28 


I0.05535 
10,25542 
[9.05549 
1005555 


10. 26735 
10. 26705 


10.0 5562 
10.05 560 


10.547 


ro. 5420 


19.9548; 


r0. 32708; 


10 32597 


ro. 32839 /4.56338 
10.05413!19.328 15 4. 00889 
150.32 7924.06%3 


10 327444 
10.372047 


10. 32673 
10.3 2650 
19, 32626 
10. 32602 


10 32579 


£9.Z2555 


— $4 


19. 32495 
10.3246! 
[0.52438 
10.324134 


[0 32532! 


4.00397 
4.070 


4.07141 
4.07192 
4.07242 
4.07 232 
4.07343 
4.07393 
4.07444 


4.7234. 


4.72239 
4.72218 


. p © 5a 
4-07 4:3 #4-7219T 1 
19.32509!4.07544{4.72179 


472471055 
4. 2450 
4.7 242905 
1.72408 
4.72387: 
4.72366 


4.72324 
4 72202 
4.72284); 
4.72265 


10.323971 
10. 32367 
[0.32344 
£0,3232C 
(0, 32297 
1 9.32274 


0. 26674 
10. 26644 
10. 26614 


1.26493 
10. 26463 
10.206433 
10. 26403 
10.26373 
10.26343 


24 r o—_—o_—_— - 


0.26313 
10. 20283 
10. 26253 
10.26223 
10. 26193 
10. 26163 
10. 26133 
10. 26103 
10. 26073 
10. 26043 
10. 26013 


[0.25983 
10.25953 


10.25893 


Jo- ſine] Sine 


10. 25923 


10. 25864 
10.25 834 
9.68420 9.942 2a19.74196;10.25804 
| 7742201825774 
9.74250 10.25 744 
9.74286 10. 25714 
5.685 12 9.94196 9.74316 10. 25684 
5.685 34 9.94189 9.743450. 25655 
5.68557 9.94182 9-74375'10-25025 


Co- tan. Tang. 


| 

10.055 70 
10. 055 83 
19. 05 590 


10. 26584 T0. 05596 
10. 26554 10.05 603 
10. 205 24 10 05610 


10.0501 
10.0 5624 
10 05631 
10.056638 
10.05 645 
10.05 651 
10.0565 
10.05 665 
10.056572 
10.05 679 
10 C5680 
10. 05693 
10.05 700 
0.05707 
10.05714 
to. 5721 
10.057 27 


10.05 741 
to. 05748 
I9.05755 
0.05762 
10.05769 
10.05770 


Ta. ct 


I0.05783 
10.05 790 
10.05 797 
10.05 804 
IC. O5 811 
10.5818 


10.057 34110.377 1514-09235 4-71454 


t0.32250 
10.32227 
10. 32204 
10. 32180 
10.3215 
10. 32134 
10. 32110 
10. 3 2087 
10. 32064 
10.3204 
10.3 2018 
10.31924 
10. 31971 
to 31948 
10.3 1925 
10. 31902 
1931879 
10. 31856 
10.31833 
10.318 10 
10.31787 
10.31763 
10. 31740 


10.3 1095 
10.31672 
10. 31649 
10.3 t626 
10. 31603 
10. 315 80 
10. 31557 


10.371534 
10.315 T1 


10. 31406 
10.371443 


10. 31488 


4.93195 4.77901 
4.0 245 4.71879 
4.08 294 4.71858 


4.08 3 44 4+7 1870 
4.53444 4.71794 
408493 4.71773 
4.08543 471752 
4.08592 4.71721 
4.08642 4.71709 


4.08889 4.71603 
4.089 29 4.7158 


4.09038 4.71539 
4.0908) 4.71518 
4.09 136 4.7 1496 
4.09185 4.71475 


4.09254 4.71432 
4.09333 4.71411 
4.09382 471389 
4.09431 4.71308 
4.09480 4.71347 
4.09529 471325 
4.09578 471304 
4.09627 471282 
4.09676 4.71261 


4.09774 471218 
4.09823 4.71197 


— emo ion ER 
Secalit | 


$.07595[4-72155\45 
4.97645)7.72134/44 
4.6769514-72112,43 
4.0774514.7209TI'42 
4.0775 4. 20 
4.078454. 7204940 
4.07895 4.72028 30 
4.07945 4.7 200733 
4.079954. 71985137 
480454. 7 1964 30 
— 095 471943035 

4.08145.4.71922ʃ 34 


4.08244 4.71832 


334 
30 
Zi 
JO 
2; 
28 
27 
26 
25 


e 
4.08692 4. 71668023 | 
4 08741 4-71667\22 
4.0879 4.71646 21 
4.0884 4.71624 


4.009586 4.75 ©|z 


4.09725 4.71240 


24 


20 
9, 


| V. Sine 


—— 1 ww — 2 " ju >.  w @ 


* 2 4. 


Co- ſec. 


Slo- ser il own o 


(0x Deg-) 


102 


TABLE of * 


(29 Deg.) 


ck 


1 


175 9.68897 
110 9.68920 ly 94009 9.74851 
17 9. 689429. 94992 9.7 4880 
18 9. 6896: 9. 94055 9.74910 
19 9.06987 
$20 9.69010 
21 9.63032 
22 9.69055 
23 9.69077 
24 9- 69100 
| 25 9.69122 
126 9.691441; 
25 9.691679.93991 


q 


{ 


; 


I 
11 9.6887 
12 9. 688 29 


13 9.08872 


, Sine 


9.68603 
3.68925 
9.68648 
9.68671 


79: 00710 
4 63739 
99.687602 
0,9. 68784 


14 y-68875 


3709. 9.69390 
38 9.695412.93912 
3979.694349. 93905 
40.694509. 93898 


9.68557 
3.68;80 


_619.6889.4 


Co-lnc 


9.94175 
9.94108 
9.94161 


9.94147 


74133 
7 94125 
9.94179 
9.94112 
9.94105 


e 
9.94963 
9.94070 


0 9.69189 


— 9.69212 
30 9.62234 
(3! 9.09250 
32,9-99279 
33 9-69301 


5 


4.9- 09323 
5i9-09345 
6 2. 69368 


9.94048 
9-94041 
9.94034 


9.94012 


9.94008 


- 1 


I EZ 


9.94182 9 74375 


9.74405 
9.7 443.5 
9.74405 


3.94154 9.74494 


9.74524 


224140 9-74554 


5 74305 
9.74613 
9.74043 
9.7467 3 
9.74702 
9.74732 


10.250235 
10. 25595 
10.25 565 
10.25 35 
10.25. 5 ö 
10.25 476 
10. 25440 
10.254117 

10.25 387 

0.25357 
10. 25327 
10. 25 258 
10.25 268 


[Co- mr degart 


10. C5518 
10. 5825 I: 
10.05 832 
10.05 839 
10.05 840 
10 05833 3 
10. o 860 
o.? 
10.05 874 
10.05 881 
10 05838 
0. 5875011 


10.053502 


974762 
9.74791 
9.74821 


9.74939 


9.7490 
9.74948 
9.94027 
9.74020.9. 7 
9.75087 


9.75025 
mo 
380 


10.25 238 
10. 24209 
1.25179 
10.25 149 
10. 25 1 20 
10. 25090 
10. 25061 
10.250531 
10. 25002 
10. 24972 
1.24942 
10.2491 


9.93998 


9.93984 
9.923977 
9.93970 
Y.93903 


9.93948 
7.93741 
9.93934 
223227 


9.93920 


419 6947 9.93891 


142\9.6959119-93854 


43'9 y.6952319-93876 
449.695 4519- $3869) 


445 9.6950 


— 


9.93862 


40 9.69589 938555 
479.69611.93847 
48 9.09633 9.9384. 


9.69677 
9.69699 
9.69721 
9.69743 


54'9.69765 


519. * 
9.69809 
9.69831 
9.6985. 

9.69875 


9. 9382019 
9.93819 
9.93511 
9.93804 
9. 22322742 


9 593789 
9.93782 


9 93775} 


9.93768 
9.93760 


82.522827 9.93753 


9.73955 


9.940059. 75 117 


9.75 146 
9.75176, 
9.75205 
9.75 235 
2232. 204 
9.75294 
9.75323 
9.75353 
9.75352 
9.75411 
9.75441 


10. 24883 
10 24854 
10. 24824 
10. 24795 
10. 24705 
1.24736 
10. 24705 


10. 24589 
1 2822 


10.5910 
10.0591 
0.05924 
10. O5931 
10. C5938 
10.0594. 7 
1085982 
10.0597 
10.0590 
10.0597 
10.0598 


3 1c.0 7989 
— — — 


3.05995 
10.065002 
10.0H00G 
10.06016 
19.06023 
10.06030 


19.2467 7) 
TO 24647 0.0605 2 
10. 24618 
10.0606 


10,06037 
10 06045 


0.06259 


I0.0507 3 


975470 
9.73390 
9.73529 
9.7555 
5.7558 
9287 
9.75647 
9-75670 
9.757055 
7.75735 
5.75 764 

925793 

9.75 822 

75862 
5758065 
9.75910 
9.75939 

1-75965 
9-75998 
3.76027 

9.76056 
2.76086 
9.76115 
9.76144 


Lo-tan 


Tangent 


10.24471 


I0.24442 
10.24412 


10. 24353 


10. 2429 
10. 24265 


10. 24236 
10.2420 
10.241 75 
10:24148 
10. 24119 
0. 24090 
10. 24061 
10. 24031 
10.24002 
0.23973 

10.23944 
10.23914 
10.23885 
r0,23856 


10.245 30iI0, 0608c 
10. 2450 10. 06088 


IC. 00095 
Io.c6c02 
10. co rtoꝗ 


10. 24583 L. 


10. 06116 
10.6124 


10.243240 10.006131 


10. 06138 
10. 06145 
10. 06153 
10. 001 
1066167 
1.06174 
10.006181 
10.006189 
10. 06196 
10. 06 20g 


10 06211 
10.06218 
10.0622 « 
I0.c6232 


10.06247 


Cosfecc. 


I10.0624C 


Co- Irc. 
10. 31443 

2.31420 
1.31397 
19.31375 
10.313552 
10. 31329 
0. 3 1306 


10. 31261 


10312841 


V. Swe 
4.09823 
4.to872 
4.140921ʃ04 
410909 
4.10018 
4.100674 
4.101154 
410164 
4.10213 


10. 31238 
10. 313 10 


3119304 
10. 31171 


170 


= 


4.1 263 
4.10210 
3.70358 
4. 1040 


10. 31125 
18. 31080 


I'S. n 


1031140 


10.311093 


4.1045 $14 


4'10504 
4.1 552 
4.10601 


10. 3105 $4. 10649 


4. 10697. 


1 
35 290 


r0.32923 
i 0.309009, 


IO. 30856! 
10.30833 
10.30811 
10. 30788 
10. 30700 


3101. 34 10747 


140774 


19. 3908/4 10842 
10.309454. 10890 


4. e. 
4.10987 


4.71175 

71154 
4.71132 
4.71117 
4. 710890 

4.71068; 
4.71040 
4.71025 
4.71003 
4.70982 
70960 
1.79939 
70917 
4.70896 


4.70853 
4.70821 


70788 


» ' 
IC. 308 7814. 1103514 


4. IIC 83 
4.11131 
4.11179 
4.1122 
4.11275 


10.30734 
10.307721 
10. 30699 
10.2007 7 
Io.30655 
10. 30632 
10.305 10 
10 30588 
10. 305 66 
10. 30544 
10. 30521 
10. 30499 


4.11323 
4.11371 
4.11479 
411407 
4.11515 
4.11563 
4.11671 
4.11658 
4.11706 
4.11754 
4.11801 
4.11849 


4-70593 


4.70528 


4.79405 
4.70463 
4.70442 


4.70398 
4.70377 
4.70355 
4.79333 
4.70317 
4.70290; i 


19.30477 
19.30455 
1830433 
10. 30411 
10. 30389 
10.3036 

10.3034 
10.303233 
10. 30301 
10. 30279 
10. 30257 
10.3235 


4.118974. 
411944 
4.11992 
4.120395 
4.12087 
4-12134 


4.12182 
4.12229 
4.12277 
412324 
3 
4.12419 


10. 30213 
10. 30191 
10.3169 
10.3014 
10.30125 
10.301053 


occant 


* 


WV. 


— 


4.12466 
4.12513 
2 


4.70268 
4.70240 
4.70224 
4.70203 
4.70181 
4.70159 
4.70137 
4.70115 
4.70094 
4.70072 
4.70050 
4.700: 70028 
4:70006 
4.69984 


4.69963 


4. 12655 
4. 1270 


4.69 19 


4.69897 


V. Sine NI 


4. e 


4.708 7404 


4. 7081004 


4.70766 | 
4.70745 30 
47072315 
3.707020 
714. 70680 3 

4.700585 
4.70037. 
4.706150 


4.7057 4. 
47030 


4.7080 


4:70420/: 


1 


59 
58 
57 
56 
a5 
39 
$3 
52 
FL 
5H 
40 
40 
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Dine 


9.73011 
9.73030 
9.73650 
9.73669 
9.7 3689 
9.73708 
9.73727 


Co-une 


9.92359 


9.92351 


9.92343 


9.92334 


9.92326 
9.92318 
9-92310 


9.81279 
9.81307 
9-81 335 
9.81362 
9.81390 
9. 81418 


9.73747 
9.73766 
9.73785 
9.73805 
9.73824 
9.73843 
973863 
9.73882 
9. 73901 
9.73921 
9.73940 
9.73959 


9.73997 
9-74017 
9.74030 
9.74055 
9.74074 
9.74093 
9.74113 
9.74132 
9.74751 
9.74170 


9.24180 


199.7397 


9.923020 
9.922939. 
99228509. 
9.92277. 
9.922699. 
9.922609. 


9.92252 


9.922440. 


9.92235 
9.92227 
9.92219 
9.92211 


9.92202 


9.92194 
9.92186 
9.92177 
9.92169 


9.92161 
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9.927144 
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9.92119 
7.021 11 
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10.07666 
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10.07707 
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1.7 4227 
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9.74568 
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9.74625 
9.74044 
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9.99 
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9-91917 
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9.82626 
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9.97866 


9.91857 


9.82762 
9.827 

9. 82877 
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4.65696 
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1008117 
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10.008134 


Co- cc. 
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I0.25413 
10 25394 
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10.235281 
10. 25263 
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4.22334 
4.22376 
4.22418 
4.22459 
4.22501 
4.22543 
4.22584 
4. 22626 
4.22668 
4.22709 
4.22751 


4.22793 


4.22834 
4.22876 
4.22917 
4.22959 
4.23000 
4.23042 


4.04946 
4.64922 
4-64898 
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4-64851 
4.64828 
4.64804 
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4.64755 
4.64733 


4.64686 
4.64662 
4.64638 
4.64615 
4.64591 
4.64567 


4.23083 
4.23125 
4.23166 
4.2320) 
4.23249 
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4.04544 
4.645 20 
4.64496 
4.64472 
4.64449 
4.04425 
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Sine Co- ſine f Tang. 
1009.74750 9.91857 9.82899 
| 119.747759-9184919.82926! 
219.74794 9-9184019.8295 3 
3/9.74812 9.9183219.82980 
419.74831 9.9182 319.8 3008 
509.748 50 9.91815[9.83035 
69.724868 9.918069.83062 
7974887 9.91798 9.83089 
8.74906 9.91789 9.83117 
919.74924'9-91 78119-83144 
o 9.74943 9.91772 9.83171 
119.7496 1 9.91763[9.83I96 
12 9:749899.2175 $519.83225 
T319-74999 9-91 7469-43252 
Z419.7501719-91 7389.832809 
15 9.75036 9.91729 9.8330) 
1609. 750549. 91720 .83334 
179.7507 309.9171 209.83361 
18.9.7509 109.9170309. 83388 
799.75 7109.9 16959.83415 
209.75 1289.9 16869.83442 
21/9.7514719-9167719-83470] 
229.75 1659.9 1669 9.83407 
23,9-75184 9.91660{9.83524 
24/9-7520219.9I65119-53551 
25'9.7522119.9164319-835 76 
269.7523990 91634!9-33603 
27,9.75258[9.9162519.83632 
28.9.75276j9-9161 719-3059 
299.7 5294|9-91608{9-83686 
399-7531319-91.599.9-53713 
31,9-7533119-91 59119-83740 
32 9.75 3509.9 15829.83768 
23.9-75308[9-91573/9-23795 
349-7538649-91565 (9-83822 
35[9-7540519-91 55615-83849 
36,9-75423]9-91547/9-83876 
07544 1589.939053 
139/9.7545919-91530,9-33930 
3919-7547 819-915 21;9-33957 
40,9.7549619.91512/9-83984 
419.755 14.915049, 84011 
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Co-tang. 
IO.TJIO. 
10. 17074 
10. 17047 
ro. 17020 
10. 16992 
10. 16965 
10. 16938 


Secant 


10.081743 18.27 244 
10.08 15 1 10. 25225 
70.08 160 10. 25 206 
10.08 168 10.25 188 
10.25169 
10.0818 5 10. 25 1 50 
10.08 194 10.25 132 


10.8177 


10.169171 
10. 16883 
10. 16856 
10. 16829 
10. 16802 


10. 16775 
10. 16748 
10. 16720 
10.1669 3 
10. 16666 
10. 16639 
10. 16612 


10.082754 


10. 0820210. 25113 
10. 25094 
10. 25076 
1.25057 
10. 25039 
1.25020 
10. 25001 
10. 24983 
10 24964 
10. 24940 
10. 24927 


10.08211 
10.08219 
to. 08228 
0.08237 
I0.08245 


I0.08262 
10.082 71 
10.08280 
10.038288 
10.0829 


10. 16595 
10. 16558 
10.465 30 
10. 1650 
10. 16476 
10. 16449 
10. 16422 
10.163955 
10. 16368 
10. 16341 
10.163114 
10. 16287 
10. 16260 
10. 16232 
10. 16205 
10. 16178 
10.161 51 
10. 16124 


10. 16097 
10. 16070 
10. 16043 
10.16016 


10.15989 
1.4592 


42 9.75533 9. 57 1495 9.84038 
143 9.7555119-91 4869-84005 
449.75 56 9.91477 9.84092 
45 9.755879.91469 9.84119 
ja 9.755019.91 46019-34146 
4719.75624|3.9145119-$4173 
9.78642 9.914429. 84200 
9.750009 y143 319 $4227 
9-7567819.91425 9.84254 
3.7569619.91 41619-84280 
9-75714}9.9140719-$4307 
9-75733[9-91393(9-54334 
9:7575119.91389 9.84361 
9.75769}9.9138113-54386 
9-7578719.9137219-84415 
9.758059. 913639.84442 
9.75 82309.913 540. 84469 
9.75841. 91345. 84496 
9-7585919.9T 33619-84523 
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10.159335 
10.15 908 
10.158381 
10. 15854 
10. 15 827 
10. 15 800 
10.15 773 
10. 15746 
10.15 720 
10. 15693 
10. 15600 
10. 15639 


10.08 305 
10.083 14 
r0.08323 
LO.O8ZZT 
I0.08340 
10.08349 
I0.08357 
10.08 366 
10 08375 
IO. O83 83 
10.083 92 
10. 08401 


to. 24909 
10. 24890 
10. 24872 
10. 24853 
10. 24835 
10.24816 
10. 24798 
19.24779 
10. 24761 
10 24742 
10.24724 
10. 24706 
10. 24687 


Co- ſec. V. Sine 
— 

4.23390 
4.23331 
4.23373 
4.23414 
4.23455 
4.23496 
4:23538 
4.23579 
4-23620 
4.23601 
4.23702 
4-23743 
4.23754 
4-232 
4.23366 
4.23907 
4.23948 
4.23989 
4.24030 
424071 
4.24112 
4.24153 
4.24194 
4.24235 
4.24270 
4.24357 
4.24398 
4.24439 
4.24479 
4.24520 


60 

59 
58 
57 
50 
35 
531 
52 


4.64425 
4.64401 
4.04377 
4.64354 
4.64330 
4.64306 
4.64282 
4.64258 
4.64235 
4.642115 
4.64187 50 
4.641634 
494139148 
4.64115 47 
4.64091 46 
4.64068 45 
4.64044 44 
4.0640 20 43 
4-03990 42 
4-03972 41 
4-03924 39 
4.63900 35 
4.63876 3 

4.6385 2 3 1 
4.63828 7c 
4.63804 by 
4.63780 32} 
4-03756 32 
4-03732 31 
4-63708 30 


10.08409 
IC.o8418 
10.08427 
10. 08435 
10. 08444 
1008453 
10.084062 
10. 08470 
10. 08479 
Ic. 08488 
10.0849 6 
I0.08505 


10. 24669 
10. 24650 
10. 24632 
10. 24614 
10.245 95 
[0.24577 
I0.24559 
19.245441 
10.245 22 
10. 24504 
10. 24480 
10. 24467 


4.63684 20 
4.63660 78 
4.63636 27 
4.63612 26 
4.63588 25 
4538094 2, 
4.03540 23 
4.03516 22 
4.63492 21 
4.63468 20 
4.63444 19 
4.63420 18 


4.24561 
4.24601 
4.24642 
4.24683 
4.24723 
4.24764 
4.24804 
4.24845 
4.24885 
4.24926 
4.24966 
4.25007 


10.085 14 
10. o85 23 
I0.085 ZI 
I0.08540 
10.085 49 
10.0855 8 


10. o8567 
10.085 75 
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: (33 Deg.) 


Sine 


978934 
9.78950 
9.78967 
9.78983 
9.78999 
9.79015 
9.79031 
9.79047 
9.79065 
9.79079 
9.79095 
9.79111 
9.79128 


9.79144 


5 


9.79160 
. 79176 
9.79192 
9.79208 
1019-79 224 
9.792407 
9.79256 
9.79272 
9.79288 
9.79304 
24979319 
9.79335 
3.79351 
9.79367 
9.7938} 
9. 79399 
9.79415 5] 


3.89485 
9.89475 

5.39465 
9.89455 
9.89445 
9.89435 


To- in e 


9.89653 
9.89643 
9.89633 
9.89624 
9.89614 
9.89604 
9.89594 
9.89584 
9.89574 
9.89564 
9.89554 
9.89544 
9-895 34 
9.895 24 
9.89514 
9.89504 
9.89495 


9.89425 
9.89415 
9.89405 
9.59395 
9.89385 
9.89375 
9.89364 
9.89354 


Sines, Tangent, Secants Sc. 


Lang. 
9.89281 
9.89307 
9.89333 
9.89359 
9.89385 
9.89411 
9.89437 
9.89403 
9.89489 
9.89515 
9.89541 
9.89567 
9.89593 
9.89619 
9.89645 
9.89671 
9.89697 
939723 
9.89749 


Co-tang. 


Secant 


10.107 19 10.10347 
IO. 10693 10. 10357 


10. 10667 


10. 10367 


10. 10641 10. 10376 


W 


V. Sine 


10. 10615 To. 10386 ro. 21001 


10. 10589 10. 10396 10.2098 5 
[0.10563 10. 10406 10. 20969 


10. 10537 flo. 10416 10. 20953 
10. 1051110. 1042610. 20937 
10. 1048 5 10. 1043610. 209 2104 
To. 10459 To. 10446, 


10. 10433 
10. 1040 
—— 


10. 10381 
10. 10355 
10. 103 29 
10. 10303 
0.10277 
10. 1025 


9.89775 
989801 
9.89827 
9.89853 
9.89879 


9.89931 
9.89957 
9.89983 
9.90009 
9.90035 
9. 90001 


9.79431 
9.79447 
9.79463 
9.79475 
9.79494 
3219.79510 
9.79526 

| 4 79542 
9.79558 
9.79573 
9.79589 
9.79605 
9.79621 
9.79636 
9.79652 
9.79668 


1919-79699, 


9.89344 
9.89334 
989324 
9.89314 
9.89304 
9.892940 
9.89284 
989274 
9.89264 
9.89254 
9.89244 
9.89233 
9.89223 
9.89213 
9.89203 
9-89193 
9.796849.89 182 
9.89173 


9. 90086 
9.90112 
9. 90138 
9. 90164 


90216 


9. 9030 
9.90346 
9.90371 


9.89905 


10. 10225 
10. 10799 
10. 10173 
10. 10147 
10. 10121 
to. oo 


10. 10456 
10. 10466 


10. 10505 
10. 105 15 
ro. 10525 


10. 0.70476 
10. 10486 
10. 10496 


10. 21066 
10. 21050 
10. 21033 
10. 21017 


10. 20905 
10. 20889 
10. 20872 
10.208576 
10. 20840 
10. 20824 
10. 20808 
10. 20792 
10. 20776 


4.32631 


4.32778 
4.328154 


4.32924 

32961 
4329974 
4.33034 
4.33070 


4.33143 
4.25180 
4.33216 
4.23253 
4.332894 


10.105 35 
10. 10545 
10.105555 
Io. 10565 


to. tog 755 


10. 10069 
10. 10043 
10. 10017 


10.09991 


9.90475 
9.90501 
9.99527 


10.09965 
10.09939 
I0.09914 
0.09888 
10. 09862 
10.9836 


9.90190 10.0981 


10. 09784 


9.90242 10.097 58 
9. 90268 T0. 09732 


9. 90294 19.09706 


I9.09680 
10. 1.02629 


9.90397 15.5980 
9.90423 
9.90449 


10.0957 
10.0955 T 
10.095 25 
10.9499 


5 


9.79715 
9.79731 
9.79746 
9.79762 
3.79778 
2 9.79793 
9.798599. 
9. 7992519: 


BY 79887 


o- ſine 


9.89162 
9.891520 
9.89142 
9.89132 
9.89122 
9.89112 


9. 89060, 


10. 09473 


9.90553 TO. 9447 
9.905780. 09422 
9.90604(I0.09 395 
9.90630|T0.09370 
9.906 560. 09344 
9.90682 T0.09318 


9.90708[10.04292 
9.907 34|10.09266 
9.90759[10.0924T 
9.90785|[10.092IT5 
9.90811110.09189 
9. 89050 9.90837j10.09163|10.T0950 I0.20IT3 


I0.09654 


to. o 
to. 1060 
to. 1061.5 
[0.10625 
to. 10636 
10. 10646 


10.1085 


10. 20681 
10.206655 


10. 10656 
10. 10666 
10. 10670 
10. 10686 
to. 10696 
10. 10706 


10. 10716 
10. 10726 
10. 10736 
10. 10746 
10. 10756 
10. 10767 
10. 10777 
10. 10787 
10. 10797 
to. 10807 
10. 10817 
10. 10827 


10.2056 


10.204I1%k 


19.20760 
10. 20744 
10. 2072804. 
10. 20712 
10. 20696 


10. 2064914 
10. 20633 
10. 20617 
10. 206014 
10. 20585 
4.33760 
10. 205 53 
10. 20637 
10. 205 22 
10. 20506 
10.204904 
10. 20474 
10. 20458 
to 20442 
to. 20427 


132 
4.33362 

33398 
133434 
4.33471 
4.33507 
4.335 43 
33379 
4.33516 
3.3365 2 
33688 
4.33724 


4.33797 
4.33833 
4.33569 
4.33905 
332 


4.326684. 
4.327054. 
4.327414. 


4.32851 
4.32888 


4.33107 


4.58368 
58342 
* 
4.5 829005. 
4.58264 
4.58238 
4.58212 
4.58186 9 
4.58160 
4.58134 
4.58108 
4.58082 
4.58056 
4.58030! 


4.57978 
4.57951 
4.57925 
4.57895 
1.57873ʃ37 
4.57847136 
4.57795 
45776913 
4.57742 
4.57716 
457500088 
4-5 7004 
4.57638 
4.57611 
4.57585 
4.57559 
4.57533 


4.33977 
4.34013 
4.34049 
4.34085 


4.57595 
4 57484 
4.57454 
4.57428 


| 


4.34121 


ro.10838 
10. 10848 
10. 10858 
10. 10868 
10. 10878 
Io. 10888 


10. 2020) 


10. 10899 
to. rogog 
10. 10919 
ro. 10929 
ro. 1o94 


10.2019 1 
10. 20175 


10. 2014 
10. 20128 


Sine Co- tan) — Secant 


10. 20160 


4.34265 
4.34301 


4. 34409 
4.34444 
4.34480 


4.34552 
434588 
4.34623 
4.34659 
4.34095 
434731 
4.34766 
+ $4208 


4.57401 
[0.202 9514-3415 714-57275 
10.203794. 34193 457349 
10. 20364 4.34229 4.57322 
10. 20348 
10. 20332 
10. 20316 
10. 20301 
10. 20285 
to. 20269 
o. 20254 
10.20238;4-34516 
TIO.20222 


4727 
434377 4.57243 
4.34373 


4.57296 


4.572171 
457191 
4.57164 
4.57138 
4.57111 
4.57085 
4.57059 
4.57032 
4.5 7006 
4.56979 
4.56953 
4.56926 
4.56900 
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"Gt 


V. Sine 


Deg.) 


58004 42 
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213 73 TanLE of Logarithmic (39 Deg.) 


M Sine Co-ſine] lan Je Jccant. Tote. IV. V. Sine] 


2 79887 9. 8905009. 835 3<8 3 7,10.09163 10 10950 10. 20013ʃ4. 4.34802, 4. 4.5690c 
9.79903 9.890400. 90863 10.091370 I0960{T0.20097[4. 3483804. 50873 | 
9.79918 9.89030. 90889 f. 09111 10. 100% 00. 2008214 3487 3;4-56847 
9-79934 9.89020. 90914 10.0908 5 O. 10980 fo. 200664. 349094. 56820 
9.75550 9.89009 9. 094010 ο . 1099 fo. 20050f4. 349454. 56794 
9.7996 6519.88 889999. 9096610. 09034 TO. 1 100 fo. 20035 d. 3498004 56767 
979981 2 88989 9.90992[10.09099/1 101 Ifo. 200194. 35016 4.56741 
9. 7999509. 889789 910180(T0.0898 2 10. 11022010. 20004 4-350, 3505 104. 567140 
9. 8001209. 88968. 9 1043.10. 0895 7 To. 11032010. 1998804. 3508 5/4. 56688 
9.80027. 8895 809.9 10690. 0893 110.1104210. 19973 5-· 3512204 4.56661 
9.80043!9.389481[9.91095|15.08905|I0.11052[10.19957 4.35 15 804.5663 
r 19. 80058 9. 889379. 11210tO. 08859018. 1 1063/10. 1094 204.35 1934. 56608 
1249. 800749. 88927.91 4 /10.0885 3010. f 1073/10. 19926 35229 4. 6681 


r 319.3008919.885 T7 7172010. 088 2805.110831. 1991 104.3526404. 5% 55 
rah. Soro 59 88905 9.91158. 088 2 Ito. 1 1094/10. 198954. 353004. 56528 
15.80 12009. 88896. 9122400. 0877600. 1 104/10. 1988004. 3533504. 5 6596 
1619.80136[9.88885{9.9125c}10.08750j10-11114|10.19864}4.35 37114 50475 
170 8015119.8887519.91270}10.08724j10 1112510. 198494. 354064. 56448 
18 2.801665. 888659. 9 1301 to. 08699 T1735 T0. 19834 4.35442 4.50422 
I9}9.80182[3.8885519.91 327]10.0867 3]L0.11145 10.19818[4.3547 714-56395 
209. 80197 8884419.9135 3j10.08647|10.11156|10.19903[4.3551214-56367 
F 421% 8821513.5883419.91379110.08621]10.11166j10.1978714.35548 4.56341 
| 1 | $22 „802280. 8882419.91404|10.08596|10.11176j10-19772]4-35563j4 56315 
17 1J23ʃ9. 85244) 888130.91430ʃ 10.085 70fo. 11187 To. 19764. 3561804 56288 

wt | | 24%. 80259 888030. 9 14 rf. 08544010. 1119710. 19744. 3256644. 56261030 
259.802 74.886793 0.9 4820.05 1810. 120%. 1972604. 3508904. 5 0235 
26 9. 802909. 8882.91 50%/10.08492[̃o. 1121810. 1971004. 35 7 24j4-50200134 
270.80 305%. 887720. 915 33ʃ10.0846 Kro. 11228010. 1969504. 3575 904. 56181033 
280). 803 2c 8876113.91554[10.08441/10.T1239}10.1968c14.3579514-5015 4132} 
2909. 803360. 5875 1.9168 ff. 0845.112490 f0. 1906404. 35 83004 §6128031 
300.8035 1.837410 91615j10.08390|[0.11250þ10.1964914.35805 4-56101130 
3119.82366{9.8873c|1.31036110.08364|10.11270j10.19634[4.3590014.56074|29] 
3219.8038219-66720|3.91662}10. 8338 10 11280 10. 19618 4-3593514.56047|28 
339 8039 9.88 709.9 1688 0f0.083 1210. 1129110. 196034. 3597004. SCοονα,jt 
349.3041 21).8869913-91 713/10.08287|10.11301|10.1958814.360c6j4.55964/26 
3519. 8042809. 88088 91739/100826 110.1131210. 196 7204. 3604 104.5596725 
359.8044. 8044 319-88675[.91 7650.082350. 1132210. 195574. 3607614. 4:55946124 
37 9. 9.80458 3-$5668]9.91791 10.08 209 10.113320. 195424367774. 559 1323 
389.804) 3 9.88657 0.91816ʃ10. 08184 10. 11343010. 19527 4.361464. 5588622 
399˙8 0489.886479. 91842110. 08158 10.1135 3010. 19571 4.36721 4558592 
4009. 80 5049.886360). 91868, I9.081 32 10. 11364010. 19496, 4.3621614.55832,20 
419.805 19(9-88026]: 1.91893; 10.08107 10. 11374010. 1948 1 4.36251 4.55806 I9 
429.8034 9.88615 9.1010 10.0808 1 10 11285 T0. 19466 4.362864. 557700 18 


43 9.80550 9.88605 7.9945. T0. o8 O5 10.113950. 194504. 3632104. 55752 17 
40.8056 59.8859). 91971; :10.08029 L0.11406|10. 19435' 4-36356j4.55725.1 
45.805 809.885 84.9 1996 10. 08004 10. 11416010. 19420 4.36391 4.55698 15 
469.805 95 9.88573 q 92022/10 07978 10 11427|10.19405 4.364264. 5567114 
4719.£0610 9.88563 9.92048 10.0795 2 10. 1143710. 19390 4.3646 714. 5564413 

9.806259 8852 3 07927 10.1144 8(0.19375. 4. 4.36496[4.5.5617 12 


4919-80041 9.88542 ).92099,10.07901 10. 11458010. 19359 4 4365 31 4.555901 
609. 8065609. 885310) „9212510. 07875 10.114690. 19344 4.36565 f. 55563 10 
9. 806719. 8852119. 9215010. 07850 10. 1147910. 19329 4.30 55536 5 
9.806869 885 100.9217610. 07824 10 114900. 19314 4. 36635 4.55509 
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— 1 8073109. 5. 8847809.92 253,10. 07747 10 115 2210.192094. 36740 4.55428| 5 
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(40 Deg.) 1 Sinas, Tangents, Secants, &c. _ 


5 %% 
WR 80807 9.88425 9.92381 100761910. 115 7510. 19193 4.309134. 55 293 
19.8822 9.88415 9.9340 fro. 0593.10. 11585.ff. 19178 4.369484. 55260 
8083779-88404,9-92433 10.07567|10.TI596!10.19163 4-36983[4.5523* 
9.20852/9.88394/9-92458{10.07542[10.TI606|I0 19148 4.3701 74.5521 7 
9 £0867,9.8838319.92484[10.07516]10.TI61 710.191 33 4.37052 4.551845 
9.80882/9.8837219-92510j10.07490 10. 1628010. 19118 4.370874. 55 15 7] 
9.80897/9.88362[9.92535[10.07465|19.T1635/I0.-I9T03 437121 4.1432 
9.09129 8835 19.925610. 074390. 11649 10. 19088 4.371564. 55 10353 
9.809279. 883409 .92587[T0.07413 10. 1 166010. 19073 4.371914. 5507662 
9.809429.883 309.9261210. 073 880L0. 1 1670 10.1905 8 4.37225 4. 5504851 
1009. 8095 7 9.883199 92038 10.036210. 11681 10.19043.4-37260/4-5502I © 4 
1119.8097219.88308[9.92663[10.07337|10.11692;10.19028 4.37294(4- 
{1219 809859 3829819-92689[10.073I1110-IT702[12-I901 3 4:37329 4-54967148 
1300.8 10029. 882879. 927 750.0728510. 11713010. 18998 4.373034.54940047 
14.810170. 882569.927400fo. 0260010. 11724010. 18983 4.373984. 5491204 
159.810 3209. 882669. 9256610. 023 4/f0. 1173/10. 18968 4.3743 24.5488 5045 
16 9.81046). 8825 59.9279 2fœ. o 2080.0. 11745 T0. 189544. 374674. 5485844 
17.8 106 19.88 244/9. 9281710. 07183 T0. 11756 10. 189394 3750145483 45 
189.8106. 88234/. 9284310. 157/0112661. 18924 4.328364. 5480342 
19.9.8 1091 8822309.92868010.07132JC0. 117771 0.7 89091[4-375 70 4.54776[41 
20.81 1069. 8821 209.9289 4010.07 106|10.11788[10.18894[4.3760414-54749}40 
219.8112188 2019. 92920010. 0708010. 1 1799/10. 188794. 3 7639]4-547 21 39 
2219-81136{\9.8819119-92945119.07055|£0.II5809 I0.18864[4.3767 314-5469413 
= 9.81151]9.8818019-92971410.07029]10.11820j19.18849/(4.37708[4.54667137 
24 9.81166 9.88169 9.929960. 07004 IO. I 1831 10. 18834 4.37742 4.54639130 
25/9.81180j9.8815819.93022]19.00978|10 11842]10.18820(4-377 7614-54612135 
2619.8119519.8814819-93048|10.0695 2110. 11852010. 188054. 378 1004. 5 45 85034 
279.81210.8813 79.9307 010. 06925 f0. 1186310. 187904. 378454. 5455 7033 
289.8 122500.88 1269.930990. 069010. 1187410. 1877504. 3787904. 545 30032 
299.81 24009. 887 15.931240 TO. 06876T0. 1188 5ʃL0. 18760 437913. 4.545 0331 
300.8125409. 88 104%. 931500 10.068501. 118951 .1874604.37948f4. 54475 80 
310 8126909. 8809 49.931750 06825 T0. 11906010. 1873104. 37982 4.54448 29 
32 981284 9.88083 9.93201 10. 06799 10.119717 10. 18716 4.38016 4.54420 28 
33 9.81299 9.88072 9.9322 10.006773 10. 11928 1018701 4.38050 4.543932 
34% 81314 8806 1.,53 25 210. 067 48010. 1193910. 1868604. 38084 4. 54366426 
3519 8132809.8805 1.93278. 06722010. 1194/0. 1864.38 119 4.433825 
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MENSURATION OF SURFACES. 


2 — 


III Masons. 
12 inches — 10 
ant — I yard. 
6 feet — 1 fathom. 
164 feet @& | 
or 5 yards 5 
40 poles . 1 furlong 
8 furlongs — 1 mile. 


-. I, pole, rood, or perch. 


Square MEASURES. 

144 ſquare inches 1 foot: 
g feet [ yard: 
36 feet — = 7 fathom. 
2724 feet * 

or 30 yards | 
1600 poles = = 1 Ffurlong. 
64 furlongs - = 1 mile. 


=. I pole or rood- 


It 4 


The Engliſh chain is divided into 100 links, each link being 
7-92 inches. And 80 chain-lengths is 1 Engliſh. mile. 


LI NEAL Scors MEAasUREs. 
37 inches. 8 
6 ells, or 184 feet 1 fall. 
4 falls, or 74 feet 1 chains 
10 chains or 40 falls - 1 furlong. 
L furlongs or 80 chains = 1 mile. 


Q SpA 
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* 


OQUARE MEASURES: 
1369 ſquare inches ell. 
36 ells, or 342+ feet - 1 fall. 
16 falls, or 547 feet - 1 chain. 
| 100 chains, or 1600 falls 1 furlong. 
64 furiongs, or 6400 chains - 1 mile. 
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The Scots chain is See in 100 links, each link being 8.88 
inches, and 80 ! is one Scots mile. 
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To meaſure ſurfaces and ſolids by duodecimals, or croſs multiplication, 


RULE. | | 

Multiply each denomination of the length by the feet of 
breadth, beginning at the lower place, and ſetting each product 
under that denomination of the multiplicand from which it a- 
riſes, carrying by 12, when neceflary, to the higher place. Then 
multiply by the inches of breadth (if any) ſetting each product 
one place to the right hand, carrying by 12 as above. Laſtly, 
Multiply by the parts, ſetting down each product, another place 
to the right, and ſo on. 


EXAMPLE. 
A pavement 16 fect 4 inches long, 7 feet 6 inches broad, How 
many ſquare feet? 


F. in. 
Multiply the length 16 4 
By the breadth - 7 6 


I14 4 
1 
122 6 © 


Firſt, 
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Firſt, ſay, 7 times 4 is 28, which is 2 to carry, and 4 over. 
Write down 4, the exceſs in the column of inches; then ſay, 
7 times 16 is 112, and the 2 you carry is 114, which ſet 
down in the column of feet. Again, 6 times 4 is 24, which 
is 2 to carty and o over; then ſay, 6 times 16 is 96, and 2 is 

98, which is 8 feet 2 inches; which, when you'll have pla- 

ced in their proper columns, add, and the ſum will be 122 
feet 6 inches. 


Note, The ſuperficial content of maſons, joiners, plaſterers, painters, &c. work, 
is frequently caſt up by the preceding rule; for the better underſtanding of 
which obſerve, that | 

The ſuperficies of any rectangle is found by multiplying the length by the 
breadth; and the content of any triangle is found by multiplying half the baſe 
by the perpendicular altitude, as ſhall be explained afterwards. 

Any lincal meaſure, multiplied by the ſame lineal meaſure, produces ſquares 
of the ſame. Thus, lineal feet, multiplied by lineal feet, produce ſquare feet; 
lineal inches into lineal inches produce ſquare inches, and ſo on. 

Lineal feet into lineal inches. produce rectangles 1 foot long, and 1 inch 
broad, which, divided by 12 quots feet; and the remainder multiplied by 12, 
produces ſquare inches. 

Lineal feet into lineal lines produce 3 1 foot long and x line broad; 
which, divided by 144 quots ſquare teet, : and each unit in the remainder are rect- 
angles, equal to ſquare inches. 
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MENSURATION OF SURFACES. 17 
PROBLEM I. Plate 5. fg. 70. 
To. find the area of a ſquare. 
RULE. | 
Multiply the fide by itſelf, and the product will be the area. 


N EXAMPLE I. 
How many ſquare yards are in a — whoſe fide is 15 feet 2 
Duodecimally, Decimally. 
KF > 8 F. 
15 6 | ; 1 
3 1 1 
232 6 „ 
79 i 775 | | 
/ 155 | | 
90240 3 — g 
9) 240.25 
26 yds p feet 3 dis | — 
Yds. 26 6 3 
By reduftion. | : Z 
F. in. in. 
15 6 = 166 
: 186 
1116 
1488 
186 | 
5 
144) 345960240 feet. 
288 — 
— 26 yards 6 feet. 
$79 


5 76 
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Ex. 2. Required the area of a ſquare, whoſe fide is 12 feet 
Anſ. 144 ſquare feet, 

| Ex. 3. How many ſquare feet are in a ſquare, whoſe fide is 
6 feet 3 inches? Hine 39 feet o in. ꝙ pts. 

Ex. 4. How many ſquare yards are in a ſquare court, whoſe 
fide is 804 feet? Anſ. 715 yds. 5 feet o in. 9 pts. 

Ex. 5. How many ſquare chains are in a field, whoſe fide is 
1 mile? | Anſ. 6400 /q. chains, 


Ex. 6. Required the area of a ſquare, whoſe fide is 3 chains? 


| Au. 9 i. c. 
PROBLEM II. Plate 5. Ng. 71. 
| To find the area of a reflangle 
RULE. 


Multiply the length by the breadth, and the product is the 
= | ts 45 Ons | 
EXAMPLE I. 


Required the area of a rectangle, whoſe height is 3000 links, 


and breadth 1670 links of the Engliſh chain. 


1670 
3000 


50, 10000 ſquare links. 


16,00000 


A Jo acres, © rods 16 poles. 


Here, 
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Here, becauſe the chain is divided into 100 links, and that 
100 Xx 100 is L0000 (the number of ſquare links in one ſquare 
chain) and 10000 X 10 = 100000 (the number of ſquare links 
in one acre) divide the product by 100000, the quot gives acres | 
and decimals of an acre ; and this decimal is reduced to value i 
by multiplying by 4, by 40, by 304. Or, inſtead of dividing 
the ſquare links by 10000, cut off five decimal places towards 45 
the right hand, the integral part gives acres, and thoſe cut off 4 
are decimals of an acre, and are reduced to value accordingly. xz 
Ex, 2. Required the area of a rectangular field, whoſe 1 4 
are 5-5 and 2-54 Scots chains. 9 
Anſ. 1 acre 1 rood 23 falls 18.72 ells. | 
Es, 3. Required the area of a rectangle, whoſe length is 15 | 
feet, and breadth 12 feet. | Anſ. 186 ſquare feet. = 
Ex 4. Required the area of a rectangle, whoſe length is 16 4 
inches, and breadth 6 — Anfe 60 inches. | 0 
Ex. 5. Required the area of a rectangle, whoſe ſides are 56 fo, 
fect, and 18 feet 6 inches? Anſ. 1036 ſquare feet. F 
Ex. 6. Required the area of a rectangle, whoſe length is 162 
and breadth 104 yards | | | Anſ. 168.3 yds. 
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PROBLEM III. Plate 5. fig. 72 


To find the area of a rhombus or rbomboid. | 
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RULE. 


ET 
F 


Multiply the length by the perpendicular breadth, and * 
product is the area. 


EXAMPLE I. 


Required the area of a . whoſe fide i is 750 Kaks, and 
one of 1 its acute : angles 69% 


To 


120 MENSURATION OF SURFACES: 


To find DE the perpendicular. To find the area. 
As rad. - 90 = 10.00000 AB - = Jo 
is to AD 550 2.87506 | DE - 649.5 


So is fine ang A 60* 9.93753 
| | e 324750 
To DEthe per. 649.5 = 2.81259 454654 
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Anſ. 4 acres.3 rods 19 falls 14 ells. 


When one of the angles of a rhombus or rhomboid are gi. 
ven, the area may be found by the following proportion. 


As rad: fine included ang. :: the prod. containing ſides : area. 
ay . 


— 
[1 


75 


As rad. go" - = 10.00000 4,87 100 


is to ſine 0 = 9-93753 4 
So is prod. 562500 = 5.75012 


| 348400 

To the area = 487100 = 5.6876] 49 

| 19,36000 LY 
30 3 


26000 
108000 


—— — 


12, 9600 


"= 


by Br "4 0, =, wa". — 


Anſ. 4 acres 3 roods 19 falls 13 Cs nearly. 
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Ex. 2. Required t the area of a rhombus, whoſe length 14 1 5 
feet, and popu: 6 breadth 12 feet. 
Anſ. 180 ſquare feet. 


Ex. 3. Required the area of a rhomboid, its length _ 


24, and perpendicular 14 Scots chains. 
| Anf. 33 acres 2 roods 16 falls. 


Ex. 4. What is the area cf a rhombus, when the fide is 
1260 links, and its acute angles 54" 300? 

Anſ. 12 acres 3 roods 27 | falls 5 ells. 

Ex. 5 1 the area of a rhomboid whoſe ſides are 

3200, 2400 links of the Engliſh chain, and acute angle 30. 
Ai 38 a. i r. 24 p. 

Ex. 6. Required the area of a rhomboid, when the length 

is 50 feet 6 inches, and perpendicular breadth 6 feet 6 inches. 
| An. 3285 feet. 

x. 7. How many ſquare yards are in a rhombus, whoſe 

= fide is 152 feet, and perpendicular height 34 feet? 
bf M Anſ. 5 FO 5 feet 4 incket 6 parts. 


PROBLEM IV. 


F To find the 1 de, or the perpendicular breadth of any parallelogram, 
1 the other * de and the area being given. 


RUIE. 


Divide the area by the given de, and the quotient will be 
E | the other fide. | 
; EXAMPLE J. 


Ihe area &f a rectangle being 100000 ſquare links, and one 
oſ its fides 1000 links, required the other fide. 
 To000)r100000{T42 links, or 1 chain length, 


1000 


R 
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Ex. 2. A ſquare field contains 120 acres, required the length 
of its fide. - < 120 acres = 12000000 ſquare links, 


| And 12000000 = 3464 links. 
hs, 3. The area of a rhomboid is 63; ſquare feet, and the 


length 10 feet. Required the perpendicular breadth. 
| Anſ. 6 feet 4.2 inches, 


Ex. 4. The 1 breadth of a rhombus is 4 feet, 
and area 30 ſq. feet · Required the fide. Any. 7.0588 feet. 
Ex. 5. The area of a ſquare is 6740 ſquare yards. Requir- 


ed its fide. | Auf. 82.097 yards. 
Examples in this problem and in the three preceding pro- 


blems prove each other. : 
PROBLEM V. Plate G. fg. 74 · 
To find the area a of a triangle, its perpendicular height and baſe be 


ing own. 


RULE. 


| Multiply the baſe by half the perpendicular height, and the 
_ will be the area. 
EXAMPLE. 
Required the area of a W whoſe baſe is . and per- 


pendicular 80 feet. 
| 64 baſe. 


80 perp. 


2)5120 


2560 area. 


Ex. 2 How many ſquare yards are in a triangle, whoſe baſe 
is 99 feet, and perpendicular 85 feet 6 inches. 
ä | | De- 
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Deedecinall 9 
85 6 
ö 
49 6 
765 
. 5 — 765 0 
2)8464-5 a | 
L . 29)8464 6 
94232. 25 area in, feet. 8 erg 
Yds. 470 2 3 „ e tes | 
Yds 470 2 feet 3 in. 
By reduction. | | 
8 in. 
85 6 = 1626 . 
99 © = 1188 
8208 
8208 
1026 
1026 
2) 121888. | 
33 ME 
144)609444(4232) 
576 
— H.470 2 3 
334 
288 
464 
432 
324 
288 
12) 36 


R 2 Ex. 


T 


chain. 
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Ex. 3- Required 'the area of a triangle, whoſe baſe is 12 


feet 3 inches, and perpendicular 8 feet ꝙ inches. 
| | Anſ. 53 feet 7 in. 1 pt. 6“. 


Ex. 4- How many ſquare yards are contained in a triangular 


garden, the length of one of its ſides being 80 yards, and the 


perpendicular diſtance between that fide and the oppoſite angle 
| * yards? | | Anſ. 2800 ſquare yards. 
Ex. 5. What is the expence of paving a triangular court, at 


48. 6d. per ſquare yard, one of its fides being 48 feet 6 inches, 
and perpendicular 304 feet? As. 181, 9s. 94d. 


PROBLEM VI. Plate 6. fig. 74: 


One of the angle of a triangle and the containing ſides lein given 
to 1 nd the area. 


1 
As radius, is to the ſine of the included angle, ſo is half 
the product of the containing ſides, to the area. 


RuLE 2. Find the perpendicular by trigonometry, and pro- 
ceed as in the e problem. 


- 


EXAMPLE I. 


Required the area of a triangle, whoſe mctuded angle 1s 63? 
30“, and the containing ſides 806 and 70c * of the Engliſh 


- By KYLE I. 


As radius go = Alo. ooo 
| To fine 63" 3/7 — 9.95179 
So is AB x AC = 282100 = 5.45040 


To area 2. ,.52500 = 5. 40219 
Anſ. 2 acres 2 rods 4 perches. 
By 
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| By RuIE I. 8 
Ec Ps find BD the perpen. 
As rad. go = 1e. ooo 
is to AB 7500 2.84510 
So is fine 63 30“ 9.95179 
Io BD 626.5 - 2.79689 
And 625.5 X 206 = 504959 
2)504959 


>” 52479 = 2 acres 2 — 4 per. nearly. 


Ex. 2. How many e yards are in a triangle, whoſe Lien 


are 100.98, feet, and included angle 455 


Anſ. 384 ſq. yds 84 or 8.8 fert. 
Ex. % Required the area of a triangle, when the enen 
ſides are 499 and 220 N and the included angle 309. 


An. 22495 fi. adi. 
Ex. 4. Required the area of a gains field ABC, AB 


| boo, AC 8000 links of the Scots chain, and angle A 39? 30. 


| Anſ. 153 acres. 
Ex. g. Required the area of a triangle, the containing ſides 


A being 217 and 25 yards, and mY contained angle 50%. 


Anſ. 2032 .. 
PROBLEM VII. Plate 6. fe: 15 


The three fu des f any triangle bing given, to find the area. 


RULE. 
Add the three given ſides, and from half their fum ſubtra& 


| the fides en; Multiply the half ſum and the three x re- 


ms —MENSURATION OF SURFACES. 


mainders continually, and the ſquats. root of the laſt product 
will be the area. e 
EXAMPILE I. | 

Required the area of a triangle, | its ws ſides being 20, Jo, 
4 Scots chains. 
31 + 0 45 45-4 
Sh 0 26 0 40 
wy. 
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METHOD II. By Logarithms. 


C ey: 
Add the logarithms of the three remainders and half ſur 


; together, and half their ſum will be the logarithm of the area. 


40" 4-4-4 

236 42. 430. 
20 — —g 1 | 
— 7 


1.65 321 
o. 69897 

1. 17609 
1.39794 


— I Rs eo — an 


2)4,92021 x 10)290,4738 | 


* 
D 
= 
0 
M818! 


290,4738 = 2.463105 29 ac. © ro. 7f. 21 ells. 


METHOD III. 
AC: AB + Bt: : AB—BC: AD—DC. 
That is, 40: 50 :: 10: 12.5 diff. ſeg. baſe. 


Now to find BD the perpen. 
To halt bate 20 AB*—AD*=BD*, Or 
Add half dif, 6.25  —BC*—DC* B- 


— A = geo 


| The greater ſeg. 26.25 AD AD*= 639.0025 


From half baſe 20 . 210. 9375 


— BD=V 29. 0375=14: 52369 chains. 
The leſſ. ſeg. 13.75 DC ; | T_T half baſe. 


„ 


29: 047380 


Anſ. 29 ac. © r. 7 falls 21 ells. = 
TN. 40 METIIoD 
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- fides are 63, 123,5 and 148 yards? Anf. 4168 f yards. 


' METHOD IV. 


To find ang. * Fe To find the area. 


As AD = 26,25 1,41913 | As radius - 90 10,00006 
zs to rad. go? 10,00000 is to fine 28* 54 9568489 
S0 is AB 30 1,4771280 is AB 3 x AC 600 2, 77815 


— 


; 


Toſec.ang. A 28* 57 10,05 799 | To area wort = = 2.46304 


Which is 29 ac. O r. 7 falls, 21 ells, as before. 


Fro rom theſe four diffetent varieties, it appears, that the lo- | 
garithmic operation is the eaſieſt. It were to be wiſhed, 
that all land ſurveyors would take the trouble of comput- 

ing their meaſurements by logarithms z then would they 
agree in their calculations, and — leſs upon the ac. 
euracy of their ſcales. | 


Ex. 2. Required the en of 6 triangle, whoſe three ſides 
are 500, 300, and 400 links. Anſ. 2 rods, 16 falls, 
Ex. 3. Required the a area of a triangle, whoſe ſides are 80, 
60, 100, feet. | | Anſ. 2400 feet. 
Ex 4. How many 1 yards are in a triangular court, 
whoſe three ſides are 36, 24, and 30 feet? 


A5. 39 yards, 6. 17 feet: 
Ex. 5. How many ſquare yards are in a triangle, whoſe three 


Ex. 6. How many ſquare yards are in a triangle, whoſe ſides 
are 39, 42, and 4; feet ? 2 Af. 84 yards. 
Ex 7. Required the area of a egi whoſe ſides are 90,84 
and 78 yards. . Arſe 3024 yards, 
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; PROBLEM VII. Plate 6. figs 78. 
2%, files of c right-angled triangle being given, ta find the other bi 
= To find the hypothenuſe, add the ſquare of both the legs, 
and the ſquare root of the ſum is the hypothenuiſe. | 

= To find one of the legs, ſubtract the ſquare of the given leg 


from the ſquare of the hypothenuſe, and the ſquare root of the 
temainder is the leg required. 


EXAMPLE I. 


The hypothenuſe i is 255 and the baſe 40 4 53 ; required tho 
perpendicular. W : 

þ „ ee 60 

5 2 

229 3oecos⸗ AB 

180 | 2025 AC 


2025 1575(39-7 BC 
a 3 
69)67 5 
621 
7870540 1 
5409 5 


< 2 — 
7 2 — 1 , 


BY Ex. 2. Required the length of a ladder, to reach thie top of a 
By tower 56 feet high, the foot of the ladder being 48 feet from 
BY the wall | Anſ. 173 feet 9.672 inches. 

8 Ex 


; 
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Ex. 3. The 1 is 600, and one of the legs 360: | 


Required the other leg. Anf 480. 


Ex. 4. The legs of a right-angled triangle are 64, and 48: 
Required the hypothenuſe. Anſ. 8. 

Ex. 5. The hypothenuſe of a right-angled triangle is 100, and 

one of the legs 80: Required the other leg. Anſ. 60. 


PROBLEM VIIL Plate 6. fig. 76. 
To find the area of a trapezoid. 


RULE. 


Multiply one half of the ſum of the parallel ſides by the per- 
pendicular diſtance between them, and the product will be the 


area. 


EXAMPLE I. 


Required the area of a trapezoid, whoſe parallel Gides x are 15, 
I 192 chains, and their perpendicular diſtance 14 chains. | 
BC 15 
A0 19.5 
2)34-5 
_ 
14 


6900 _ 
ants 


 10)241.50 


ä s 
3 Anf. 24 AC. O Fo * 
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Ex. 2. Required the area of trapezoid, whoſe ſides are 12,18 


feet, and the * diſtance between 7 feet. 
Anſ. 106 ſquare feet 2 inches. 
Ex. 3. Required the area of a trapezoid, the parallel ſides be- 
ing 180 and 200 yards, and their perpendicular diſtance 100 
yards. | 5 Auf. 19009 /quare yards. 
Ex. 4. How many ſquare yards are in a trapezoid, whoſe pa- 
rallel des a are yo and 100 feet, and breadth 5o feet? 
Anſ. 5 27 yards 7 feet. 
Ex. 5: Required the area of a trapezoid, whoſe parallel ſides 
are 3, 4 feet, ant . breadth 3 feet. 
| Anſ. 10+ feet, 
Ex. 6. How many ſquare feet are in a plank, 13 inches broad 
at one end, -and ry at the other, the length being 16 feet 5 
inches ? | Anſ. 19 feet 1 inch : © parts. 
Ex. 4 Required the expence of cauſewaying a bridge 150 
feet long and 30 broad, at 18. 6d. por ſquare yard. 
| Au. 37“. LOS. 


PROBLEM IX. | Plate 6. mY 77. 


To ſind FY area of a trapezium. | 


77 
. Reſolve the trapezium into triangles; compute the area of 
each of the triangles ſeparately, and the ſum will be the area 


” of the trapezium. 


BA J. 
Required the area of a trapezium ABCD, the diagonal 


Ac 60, BF 50, and DE 40 feet. 
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40 
go 
oo 


2)5400 
2700 Anſ. 


Ex. 2. In che trapezium ABCD, AB is 64, BC « CD 6e, 
DA 66, and the diagonal AC 72, Engliſh chains. 


To find ABC. To find ACD. 

64 91 91 gt 72 99 99 99 

46 64 46 72 60 72 60 66 
72 — — — 66 — —— 
— 27 45 19 5 27 39 33 
D192 | | 29198 
9 = 1.95999 äQ 99 = 1.99563 

27 = 1.43136 27 = 1.43136 

45 = 1.65321 29 = 1.59106 

19 = 1.27875 33 = 1.51851 | 


|2)6.32236 ; 2)6.53656 


1449-5 = 3.16118 1855 = 3.26828 
| BAC 144955 N 
185 5. 
ACD=- | 
7 10)3304-5 


— 


330.45 
4 


1.80 

40 
32.00 
: | Anf. 330 0 age 1 rood 32 perches 
** | E x. ? 
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Ex. 3. Required the area of the trapezium ABCD, whoſe 
diagonal AC is 20, and perpendiculars BE and DE, 8 and 10 
Scots chains. OY, Anſ. 18 acres. 
Ex. 4. In the trapezium ABCD, the fides AB is 45, BC 30, 
CD 42, DA 36, ang the diagonal AC 48: Required the area. 
Anſ. 1552, 7223. 


* 5. Required the area of the trapezium ABCD, whereof 


. the fide AB is 10.25, BC 35, CD 50, DA 30, and the diagon- 
al AC 40 chains. Anſ. 76 acres 2 roods 19 falls 6 ells. 
Ex. 6. How many ſquare yards paving are in a trapezium, 

; whoſe diagonal is 20, and perpendiculars 104 and 6+ feet ? 
Anſ. 19 yards 2 feet. 


Ex. 3. How many acres are in a field ABCD, of which the 


fide AB is 8000, AD 6000, and AC the diagonal 9560 links of 


the Scots chain: Alſo the angles * BAC, CAD are each of 


them 3o? ? De. Auſ. 334 acres 2 roods 16 falls. 
"PROBLEM X. Plate 6. Ig. 77. 


| To fad th 257 area of a W „ its tavo diagonals and * included 
angle * given. 
As radius, / 
Is to the ſine of the included angle 


80 i is ⁊ product of the diagonals, 
to the area. 


EXAMPLE. 


It will be worth the learnet*s while to obſerve, that when one of the angles 
of a right angled triangle is 300, the leg oppoſite to it will be exactly one half 
of the hypothenuſe. Hence the perpendiculats BF and PE are 4000, 3000 the 
halves of the ſides AB, A. 
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EXAMPLE I. 
| Reqilited the area of a trapezium, whoſe diagonals are 100, 
80 feet, and the included * 60. 
As radius go? = 10.00000 


is to ſine 0 9.93753 
So is + prod. 4000 - 3.60206 


To the area 3464 = = 3-53959 
Ex. 2. Required the area of a trapezium, whoſe diagonals 
are 120, and 140 parties and the included angle 30 
Anſ. 4200 ſquare yards. 


Ex. 3. What is the area of a trapezium, of which the dia- 
gonals are 80 and 60 Scots chains, and the included angle 60*? 


Anſ. 207 acres 3 roods 8 falls. 
If the trapezium be inſcribed in a circle, its area may be 


found by the following rule. » 
Add all the four ſides together; from half their ſum ſubtract 


the ſides ſeverally; then multiply the remainders continually 
into each other, and the ſquare root of the laſt product will be 
the area. 
EXAMPLE. 

Required the area of a trapezium, whoſe ſides arg 12, 13, 
14, 15. 
I2 . 
1 Ty 44 if 


15 15 14 13 12 


15 X 14ð f 3X . andy/32760=180,997 An. 
| FROELEII 
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PROBLEM Xl. 
To find the area of an irregular polygons 


RULE... 


Reſolve the polygon into triangles by diagonals ; find the 
area of each triangle ſeparately, and their ſum will be the area 
of the whole polygon. 


EXAMPLE I. 2 
Required the area of the following figure, ABCDEF, whoſe 


perpendiculars and diagonals are given. Fig. 78. plate 6. 
AC = 10 5 q 


: 


Bb = 320 
Br 
FD 
Cc 600 
„ mn non 
'To find the area of ABC. | 'To find ACE. 
1050 AC ; {1 1oco AC 
320 Bb | 420 Ff 


420 f. 
96⁰ links. 


21000 3 | 21000 
3150 : j 4200 


2336000 | | x | 2744100 


168000 in ſquare links. |} 220500 ſquare links. 
To find CED. | Io find the area of FDE. 


980 FD 980 FD 
600 Cc 200 Ee 
; 


2)588000 De | 2)196000 


— ' ; — —— 


294000 ſq. links. 98000 fa · li 


n ” — == - — 
I =_- , Ty - * * 5 2. — — 3 4, * 
1 3 : = 


„ 1 k g * 
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on en SB. fon A ⁵ rt 7, 7 2.8 : 
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The area of 
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ABC = 168000 


 FDE = 


ACF = 220500 
CED = 294000 


.24-00000 


20000 


24. 20000 


Aus. 7 acres 3 roods 8 perches 24% hard. 
The above example may be rendered more ſimple, by redu- 


eing the figure to trapezias. | 
Bb = 320 | oo 
Ff = 420 | 370 
— 1 — A 
2)749 } 73590 1 
3 31860 | 
| 388500 the trap. ABCE, 
Cc 600 : 1 _ 
Ee 200 1 2 
2)800 | | 392000 = = FCDF. 
| 400 1 "FR 
n 388500 
392000 


Aa. 7 de. 376. 8 per. 247 yds. 7.80500 as before. 


Required 
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Required the area of the. irregular figure ABCDEF, of 
which the fide AB is 40, AC 50, AD 55, AE 69, AF 36 Scots 
chains 3 and the angles are as follow. Plate 6. 2 80. 

BAC 40. 
CAD 439. 
DAE 40? zo. 
EAF 48? 200%. 


* 
r 1 EE _ 2 : "2 ESE Romo oc oa 7 25 nn, ab * . e 3 2 : — 
4 1 * _ — 2 pu 3 — * — 0 — — 
= q - by I £ . ä 3 822 9E — 2 95 — 
» 2 n 1 = - a; 8 . * {2 *. * T 9 8 2 — > MY 3 F 3 1 1 
2 . At g 8 rn o wE 2 n Ne n — ů — — =" 2 3 — = Lo — * * £ 2 — 2 Nn | — 
2 * * : wr & ES et A I ene” 1 TA. tt . 1 k , * ED 
—— - 1 1 . = " 8 p * Ta — 2 P =. Fo 4. X64 n os hypo te 
„ r 4 F . * ms 4 - ry 0 
SE EI. FEE - „%% „„ TITTY ND RO 2 — ED 


ATED N _ 4 
P — W __ — ng —* — 
* gg = i IS : 
—— ks — en 2 
* 5 Cho *** — G . 


METHOD E 
To find the area of BAC. To find CAD. : 
As rad. 90 = _410.00000 | As rad. go - 10.00000 Y 
is to fine 40 9.80807] is to fine 43% - 0,83378 P 
80 is BA x AC So is AC x Al 375 3513839 f wy 
Roe ioo 3. oO OO 15 El 
To area 642.8 = = 3 To area 93757 1 050 


To find DAC. 5 To find EAF. 
As rad. go =» 10.00900 As rad. go - = 10.00000 
is to fine 40? 30“ 9, 81254 i is to fine 48? 20' - 9,87334 
50 is DA x AE So is EAXAF 
1898 3.27820 | — — 1242 3,09412 


To area 1232 = = 3.09084 To area 927,8 — 2, 96746 | 


The area of ABC = 644% 
of CD - 939-7 
of DAE - 1232.0 

_ of EAF - = 927.8 


10)3749-3 


Y 


374-03. 


Anſ. 374-03 acres, 
T METHOD. 
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METHOD II. By finding the perpendiculars. 


3 Io find Cc. 
As rad. % 10. oo | As rad. = 90 = 10. Oo 
is to AB 40 - 1,50206 is to AC = 50 = 1,6989) 
90 is fine 0 = 9,80807 | So is fine 43% 983378 


To Bb 25.71 - - 1,41013 | ToCc341= - 1.53275 


To find Dd. To find Ff. 
As rad. o = - 10,00000 As rad. 9g 10. ooooo 
is to AD= 55 = 1,4036 is to AF = 36 = 1.55630 
So is ſine 40% 3o' 9.81254 So is fine 48 201 - 9, 87334 


To Dd 35,72 5 55 5290 | To Ff 26.89 - | 1,4250 
Now, to ſind the area by baſes and perpendiculars. 


25.71 Xx 50 = 1285.5 | 
34,1 Xx 55 = 1875.5 
35-72 X 69 = 2464.68 
26.89 & 69 = 1855.41 


20748 1,09 twice the area. 


10)3740-545 


JE 
Anſe 374-0545 acres. | 


Ex. 3. Required the area of the folowing polygon, where- 
of the ſides are as follow, viz. AF 31.5, „FE 33-5 ED 25-5, 


PC 38.5, CB 43.5, BA 34.5, AE 60.5, AD 81.7, BD 743 
Engliſh chains. Anſ. 277 acres 3 ro. 12 perchen. 


PRO. 
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PROBLEM XII. 


To find the angles of any regular 2 


By cor. 1ſt, I. 32. Euclid. All the anterior NOS of any 
rectilineal figure, together with four right angles, are equal to 


twice as many right angles as the figure has ſides. Hence the 


following rule. 


RULE. 


* 


From double the number of ſides ſubtract 4, and the re- 
mainder is the number of right angles contained by all 
the ſides of the polygon, Multiply the remainder by go, and 
dnide the product by the number of fides, the quot gives the 


' degrees in any of the angles. 


EXAMPLE I. 


Required the angle of a pentagon. 


5 No. ſides. 


6 rem. 
90 


5054⁰ 


108 degrees in each angle. 


Ex. 2. Required the n of a heptagon. 


Ex. 3. — | of a hexagon. 
Ex. 4 of a decagon. 
Ex, 5.— — — of an octagon. 


1 2 . 


120. 

* 

135. 
PRO 


30 
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© * Fo PROBLEM XIII. 
- To find the area of a regular polygons 7 
| RULE: * 


Find the area of a triangle, conſtructed on one of the fides 
of the polygon, and whoſe vertex is in the centre; then mul. 
tiply this arca by the number of ſides, and the product will be 
the area of the polygon. Or, 
Multiply the perimeter by the radius of the inſcribed cnt 
and half _ product: is the area of the polygon- 


EXAMPLE I. 
Required the area of a pentagon, whoſe ide is 10. 
IN, To ſind the 9 To find the rad. of the inſcrib: F) 
5 As rad. go = - 10,00000 
2 - 'W 0 Ein d 
— 50 is tang. 54 = 10, 13874 
10 — 
: 4 To FG 6,882 - 083731 
. | 
90 
$)549 
Angle 108 g Ls 
The perpen. 6,882 
= te bale = "03 
34-40 


No. ades 2 5 


Area = 172.050 
Ex, 2. Required the area of a hexagon, whoſe ſide is 30 · 
| Anſ. 2 38.2 


Ex. 3. 
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Ex. 3. Required the area of a heptagon, whoſe ſide is 1. 
| Anſ. 3.633912. 

Ex. 4. me the radius of the inſcribed circle, area, 

internal angles, and angles at the centre, for the following 

polygons : viz. The trigon, tetragon, pentagon, hexagon, hep- 

tagon, octagon, enneagon, decagon, undecagon, and dodecagon, 
the ſide of each 1 13 


Names. [No of f Rad. inf. circ, Areas. | Int. Ang. Ang. t cent. 
Trigon _| 3 | 0-288674 | o. 433013 60? of [120% of 
Tetragon "Eg. = „ 90 © go o 
Pentagon $5 | 0.688190 | 1.720475 | 108 © Tx © 
Hexagon '6 | 0.866024 ! 2.598072 129 o | 60 © _ 
Heptagon 2 | 1.038260 | 3.633912 | 128 343 | 51 255 
Octagon 81.207106 4.828427 135 © 2 
Enneagon 9 1.373738 6.181824 140 © | 40 0 
Decagon 10 | 1.538841 7-694295 ; 144 © 20 © 
Undecagon 11 | 1.702840| 9.365620 | 147 16, 32 437% : 
 Dodecagon 12 1.860241. 196144150 © 30 © 


Regular bygone of the like number of ſides are ſimilar, and 
fimilar ſurfaces are to one another in the duplicate ratio of their 
homologous ſides ; but the ſides of the polygons in the fore- 
going table are each of them 1; therefore, as the ſquare of 1 

is to the tabular area, ſo is the ſquare of the ſide of any given 
polygon to the area required: Hence the following 


RULE. 
Multiply the ſquare of the fide of any given polygon into 
B e tabular area of the like polygon, and the product will be 
+122 of the polygon. | 
g. Required the area of a pentagon whoſe fide is 20 feet. 


20 Pentagonal tablular area 1.720475 
20 Sq. of the given Pol. fide 400 
00 EE . 190000- /q. feet. 


T 2 | ES © © 
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Ex. 0. What is the area of a hexagon, whoſe fide is 50 


yards ?» ; Au. 6495.18 ſquare yards. 
= = Required the area of a hexagon, whoſe ſide is 20 
feet. Anſ. 1039. 2288 
Ex. 8. Required the area of a pentagon, whoſe ſide is 4. 
Anſ. 27. 5A 276. 
Ex. 9. How many 155 yards are in a decagon, whoſe 
Ede is 12 feet? Anſ. 123 yards 11 inches 6% pts, 


PROBLEM XIV. 
The area of a . being given to * the F de. 


RULE: ' 


Divide the area of the given polygon by the tabular area of 
the like polygon, and the ſquare root of we: quotient will by 
rhe Fd ol the given polygons _ 


EXAMPLE . 


d che de of a pentagon, whoſe area is ; 6 I 9371. 
1. 720475) 1. 937100036 


I 0142 
: — 4. | = the fide of poly. 
10322850 = : 
10322850 
Required the fide of a decagon, whoſe area is 3077-682 
ſquare yards. | Anſ. 20 yards. 
Ex. 3 What is the fide of 2 trigon, whoſe area is 173.2025 
fquare yards? 8 Anſ. 20. 
Ex. 4. Required the ſide of a — whoſe area is 
27-5276 ſquare yards. Ai. 4 yards. 


O 
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OF THE CIRCLE. | 
9 ——— — 


A CIRCLE may be a as a regular polygon of an us 
finite number of ſides. | 
The area of a circle is equal to the area of a triangle, whoſe 
baſe is equal to the circumference, and height the radius. 
The proportion of the diameter to the circumference may be 
found thus: Deſcribe a polygon of a great number of ſides, 
about a circle of a known diameter, and inſcribe another of the 
like number of ſides ; find the perimeter of each, and the ſquare 
root of their product will be the circumference. ' Hence the 
circumference of a*circle whoſe diameter i is 1, is 3.-I4I592653 
$8979323846264338327950288, of which number 3.1416 may . 
be uſed, it being — accurate for moſt practical pur- 
poſes. | 
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PROBLEM XIV. Plate 6. 6.fs 82. 


| T he . being you to find the Sas 


RULE. 


Multiply 3-1416 by the given diameter; the product wilt be 
ihe circumference. 


EXAMPLE I. 2 1 obs Y | 


Required the e of a | cirele, whoſe diameter is 
14 feet. 


| 3-1416 
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3-1419 
14 


Anſ. 43 feet II inches ꝙ parts nearly. 
125664 8 1 1285 
2610 | 


43.9824 
12 


11.7888 
= ©] 


9.4656 


Ex. 2. The diſtance between the cogs of a millwheel, and 


the centre of the axle, is 5 feet; how many cogs, at 4 inches 

pitch, will the wheel admit of? An. 94-248 cogs. 
Ex. 3. The ſame thing being given, j required the true pitch 

for 61 cogs. Anſ. 6 inches 2" 2“, nearly. 


Ex. 4. Suppoſing the earth to be an exact ſphere, required 


its circumference, the diameter being 795 8 miles. 
N Anſ. 25000.8528 miles. 


Ex. 5. Required the circumference of a circle, whoſe radius 


is Ic Met. | > ©, *1- a Jos 
Ex 6. What is the circumference of a circle, whoſe diame= 
ter is 485 inches? Anſ. 12 feet 8 inches 4% 7 parts, 
PROBLEM XIII. 


The circumference of a circle being given, to find the diameter. 
RULE. 
Divide the circumference by 3-1416, and the * will 


be the diameter. 
EXAMPLE I. 


W the diameter of a circle whoſe circumference s 


* 3 141 


7 


3· 8 94. i feet | | - 
ob RS „„ 7 


Ex. 2. What i is the diameter of a circle whoſe circumference 


i fo feet? + ES Anſ. 25. 404 feet. 
Ex. 3. Required the diameter of a . whoſe circumſer- | 


ence is 1000. | Anſ. 318309. 
Ex. 4. Required the diameter of a 3 whoſe circum- 


ference is 64 feet. : Anſ. 20.368. 
Ex. 5. Required the diameter of a milſtone, whoſe circum- 


ference is 22 2 fect. e * 7-0028. 


4 * 


PROBLEM XIV. 


5. Wr and arenen of a a lune given, to fd 
| the area. „ | 3 
RULL. 


Multiply half the radius i into the circumference, and the pro- | —_— 
| Galt is the area. hs | 


EXAMPLE I. 


Required the area of a circle whoſe diameter; is 1. 
9 3.1416 circum. ä 


25 half the rad. 


OG 15 7080 | | | | 
62832 £5 ns 


«735400 


U 
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 Cinct es are ſimilar figures; and ſimilar ſurfaces are as the 
ſquares of their correſponding ſides ; therefore, as 1* is th 
+7854 : (the area of a circle whoſe diameter is 1) ſo is the ſquare 


of any given diameter to the area — Hence, 5 


_ - 


4 


RULE II. ; 


Multiply the ſquare of the diameter by the © common {number 
+78 545 and * product 18 the — | 


EXAMPLE II. 


Required the area of a circle, whoſe diameter i is 12 feet. 


Anſ. 113-0976 ſqnare fee. 
Ex. 2 How many . feet are im a table, whoſe diameter 


is 6 feet? | Anſ. 28.2744 feet, 


Ex. 4. What is the area of a circular court, whoſe diamete 
is 24 yards? ? = + Alf. 452- 3904 ſquare yards. 

Ex. 5. How many ſquare miles are in a great circle of the 

earth, its s diameter being 7957. miles? | 

An. 49736071. 58880750 

us 6. What is the area of a circle, whoſe diameter is 3 

A Anſ. 11. 446875 ſquare feet. .. 

Ex. 7. Required the area of a circular garden, whoſe radius 


| is 160 links of the Engliſh chain. Af. 3 rods 8 poles 20 ja. 


Ex. 8. What 1 is the area or a chende whoſe 8 is 2 feet 


| Ant 3.14 1b. 
Ex. 9. "CRETE" the area of the ring e the circumfe- 


rences of two concentric circles, their diameters being 20 ad 


| a5 inches. I e Aal 137. Ons _ | 
4 2 A FE 


— 


ci 


en 
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PR OB LEM NV. 
The area of a circle ein g given, t * the ared. 


/ RULE. 


 Muttiply the ſquare of the circumference by 95775 and 
de E will be the arca. 


| EXAMPLE . 
Required the area of A cle whoſe circumference i is I, 
"Hart | 
555 7 75 
| 0795775 
Kc. +. What is the area of a circle, whoſe cireumberents} 18 
r „ Anf. 1 9894375. 
Ex. 4% Required the area of a circle whoſe circumference is 
100 yards. | Anſ. 795- 775. 


Ex. 4. The expence of {cloſing a circular court at 8s. fer 
yard, amounted to 32ol 3 required the expence of paving it, 
| at 6d. per ſquare yard. Ain. 1573]. 58. 7d. 
Ex, 5. How many ſquare feet are in a circular table, whoſe 


| circumference i is 25.1328 feet? Anſ. 50.2656 /q. feet. 
Ex. 6. Required the area of a circle, whoſe circuniference 


| is 31.416. Anſ. 78. 54. 
PROBLEM XVI. 
| The area of a circle being gi ven, to find the circumference. 
RULE 1. ha 
Dirie the area by 0795775, and the ſquare root of che quo- 


bent will givg the Lircuinferenge. TORE 
ULE 
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Rol E 2. Divide the area by 7854, the ſquare root of the 


quotient will give the diameter; - then find the circurnference 
by prob. 12. 


EXAMPLE I. 
The area of a circle being 5026. 56 ſquare feet; required the 


| eircumference. 


By RuLE To. 


:6795775)5026. 5600000(63 165. 3031 q. — 
4774 


251910 
2387325 


1317750 
795775 


5219750 
4774650 


4451000 
3978875 


— 


4721250, &c. 


and 4 1 251. 327 feet. . 


By Rol x IE. 
585405026. 5600 (64000 ſq. dis. 
47124 


31416 
2 


and V 5400 = => 80 diameter. 
3. 1416 
80 
3 | 
251.3280 feet. Arſe 
; | Ex. % 
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Ki 2. Required the circumference of a circle, hats area is 
795: 7 „ Anſ. 100. 


* What i is the circuniference, when the area is 452.3 304 


ſquare * | nf. 75-3934 yards. 


PROBLEM XVII. plate 6. Eg. B. 


| 7, 0 s fd FY therd of any arch ＋ a circle, the diameter and vere 
ſine, or height of the arch being given. 


Becauſe CD and AB cut cath other within a circle, the 
rectangle contained by the ſegments of the one is equal to the 
rectangle contained by the ſegments of the other. Euclid III. 


35. That is, BE x AE=CExED ; but CE is equal to ED | 


Euclid 3. 3. therefore, 


BEX EA=CE and VBE! BE x EAR, and :CE=CD the chord. 
| Or, CD may be found thus. 
Since BA and AE are giren, CG and GE are alſo given ; 4 


 hevefore G. —GE> r and twice CE=CD. Hence 


che . rules: 


RULE I. 


From the diameter ſubtract the verſed 5 ne; then multiply | 


the remainder by the verſed fine; and twice the ſquare root of 
the product will be the chord of the arch. 
RULE II. | 
From the ſquare of the radius ſubtract the ſquare of the dif- 
ference between it and the verſed fine, and twice the ſquare 
root of the remainder will give the chord of the arch. 
eee, 


| Required the Iength of the chord of an arch, whoſe height 
is 8 and diameter 40 feet. 


— 82 2 = py — 
— — OE 
<= & 1-9 2 X 4 —_—— +: — m-- 


ons” 2 
= 


Me - RR X Yap 4 * 8 > aa, wt dy s 
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— . — 2 0 I 1 1 — . 
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a - 2 © 2 . : — 5 2 * 2 . 3 > 
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MENSURATION-OF SURFACES: 


is 50 and verſed fine 14 feet. 


'By Rule 1. By Rule 2. 
From diam. 40 Rad. „„ a 
ſubtr. ver. ſine 8 | V. Sine 8 
Ren. 32 "= n 
V. Sine 8 „„ 20* = goo 
12* = 144 
256{(16 half the ch. . SR 
3 | 8 256 
26)1 56 32 e che. V 256=16 half the chord. 
156 | > Os 2 5 | 
Nu i | 32 the chord as before 


Ex. 2. What is the Sond, when the ametes i is 60, and ver- 


ſed ſine 16 inches? | An. 53.06 inches. 
Ex. 3. Required the chord of an arch, when the diameter 


Anſ. 44-8998 feet. 
Ex. 4. What is the chord, when che diameter is 40, and 


height of the arch 4 ? Anſ. 24. 
Ex. 5. When the radius is 68, and the verſed ſine 8, re- 

quired the chord. 1x e. 
Ex. 6. What is the chord, when the *** ſine is 14, and 

the diameter 70 inches ? Anſ. 56 inches. 


PROBLEM xvII. 
The chord and 0 for ne of an arch being given, to find the FA ne- 
ter of the circle of which tbe arch is a part. 
RULE. 
Divide the ſquare of half the chord of the arch by the verſed 
fine, to the quotient add the verfed fine, and the ſum will be 
the diameter. | = 


a 4 t r 


| eee OF. * 15% 


"EX AMPLE I. 


What is the diameter, when the chord | is 48, and the ver- 
{ed line 8 inches! 7 1 3 


2)48 24* = 576 ſq * chord. 
Half chord 24 87576 Ds 
„ 72 quot. 


ww 8 verſed ſine. 


the diameter i is 80 inches. 


"Ex. 3 Required the diameter, wid the chord is 1 and, 


height „ 9 9 Tu Anf. 111 znches, 
Ex. 3. What 1s the Win when the verſed ſine is 8, and 
the chord 0? Anſ. Go. 
Ex. 4. Required the diameter, when the chord is 30, ang 

the verſed fine 4 feet. Anſ. 60.25 feet. 
Ex. 5. When the height of the arch is 2 ſeet, and the chord 

6 feet, . the diameter. 42 6. 5 feet. 


PROBLEM XIX. plate 6. fig. 81. 


To find the chord of i hal [the ack any tavo of the following ferms 
being given ; —_— the verfed fine, cher, and diameter. 


When the verſed fine and chord are given. 


Becauſe AC2 + DBz=ABz therefore Y ACz + - DBa=AB hence 


4 . 
RULE I. 


To one fourth of the ſquare of the chord of the arch add 


the ſquare of the verſed ſine, and the ſquare root of their ſum 
vill l be the chord of half the arch. | 


— 2 * 
FOCHE LANES . —— — — 83 RT 
: I dE ig 8 


132 —MENSURATION OF SURFACES. 


When the verſed fine and diameter are given. 


Becauſe ADz = BD x DE, and ap- + BD = = Aus, W n 


BD * DE+BDs=AB+ and VB BD x DE+BDs = = AB the : chord. 


| RULE Il. 
Front the diameter ſubtract the verſed ſine, multiply the re- 
mainder by the verſed fine, and to their product add the ſquare 
of the verſed ſine, and the ſquare root of the ſum wall be the 


chord of half the arch. | hs 
EY, When the chord and diameter are given. | 
V AG2—AD2=DG and GB---DG=DB the verſed fine. 
; "Then proceed as in ROLE I. > 
_ ExAbPL'L, 
Required the chord of half the arch, when Ie diameter is 
e and ms 2885 ſine 4 ook: My 7 


68 diameter 
4 verſed fine 
64 
4 ver. fine 
256 
16 ſq. verſed ſine 
272(16-49 
11 * 
26172 
\ 1565 
324) 1620 
1296 
3289030400 : 
29601 


2 


799 
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Ex. 2. Required the chews of half the arch, when the chord 
of the arch is 32, and verſed fine feet? Anſ. 16.49. 

Ex. 3. Required the chord of half the arch, of which the 
diameter is 20, and verſed fine 8 inches. Ari. 12.65 inches. 

Ex. 4. Required the chord of half the arch, the chord of the 


| arch being 60, and height 8. Anſ. 31.048. 
Ex. 5. What is the chord of half the arch, when the diame- 
ter is 26, and the verſed ſine ? Anſ. 12.49 · 
Ex. 6. What is the chord of half the arch, when the verſed 
| fine is 140 and chord 360 links? Anf. 228. 03 links. 
Ex. 7. When the chord is 31, and verſed fine 114; Re- 
quired the chord of half the arch. Anſ. 19.3. 
Ex. 8. Required the chord of half the arch, when the dia- 
meter is 80, and chord 60 feet. Anſ. 32.912. 


PROBLEM XX. Plate 6. fig. 8r. 


The chord of half the arch, and the chord of the whole arch 
being given, to find the height of the arch, alſo the diarneter of 
the circle of which the arch | is a part. 


AB. A5. = * or verſed fines 


AD* 
55 = DE and BD + DE = BE the diameter. 


* RULE. 


From the ſquare of the chord of half the arch, ſubtract the 
{quare of half the chord of the whole arch, and the ſquare root 
of the remainder will give the verſed fine. Then divide the 
ſquare of half the chord of the arch by the verſed fine ; and to 
the quotient add the verſed _ the ſum will be the diameter. 


H EXAMPLE 


= — 
— — ] — 
8 — — = 


+ = _ \ 
2 — — — —— : — = 
-— ys Gp ” l 
— 7 As yk, 


„% xs Un AOR OF SURFACES. 


EXAMPLE I. 


Required the 1 5 the 4 of half the arch is 10, 
and the chord of the arch 14 inches. 


From 10* = 100 


7 49 


5100. 141 verſed fine 
1 


141) 200 
141 


1424) 590 
5696 


14281) 20400 
14281 
— 


6119 rem, | 
7,141) 49 ſq. £ chord. FP: 


6.861 leg. diamet. 
7.141 verſed. | | 


3 diameter. 


Note, When the verſed fine is greater than the other ſegment 
of the diameter, the arch is greater than a ſemicircle. 


Ex. 2. Required the diameter, when the chord of the arch 
16 40, and the chord of half the arch 30 feet. Anſ. 40-71. 

Ex. 3. What is the diameter, when the chord is 180, and 
the chord of half the arch 54? An. 141.13. 


' PROBLEM XXI. Plate 6. fig. 83. 
To find the dong of any arch of a circle, any two of 1206 being 


8 be 


| given, Vize the diaweter or radius, verſed fi ine, chord, or chord of 
ha If If the arch. | 


RULE I. 


Find any two fides of the right-angled triangle ADG; then, 
by trigonometry, find the angle AGB, and twice that angle 
will meaſure the arch ABC. | 

Then ſay, as 360“ is to the number of degrees in the arch 
ABC, ſo is the whole circumference of the given circle to the 
length of the arch. 

RULE 2. From 8 times the chord of half the arch, ſubtract 
the chord of the whole arch, and + the remainder will give the 
length of the arcli nearly. | 


EXAMPLE I. 


Required the length of the arch ABC, its height is is 8 ROY 
and chord 40. 


Sq. of & chord = 20% = Sou 50 = DE. 
and 400 8 = BD 
=o = 08 
Verſ. ſ. 8 2)58 = BE 
| 29 = a as 
| By RLE I. 
To find the angle AGD. 
As AG =29= 1.46240 
js to rad. 0. [o. ooo 


80 is AD = 20 = 1.30103 
To fine AGD 43* 36 9.83803 


Ang. AGC = - 87 2 


3.1416 K 58 = 182. 2128 circum. 

As 360: B7.2: : 182.2128: 

As 45 10:9 ; : 182.2128 ; 44.135989 . Ae 
"MM. By 
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MENSURATION OF SURFACES, 


By aig U. 


20 "Te = AD? 
8* = 64= BDz 


A6a(21.54065 the chord of æ arch. 
8 
an 
4T 
42502300 
„„ 
eee, 21. 54065 
4304) 17500 8 
17216 a 
— 172.325 20 
430806)2840000 40 | 
. 2584836 || — 
— 3132.3 25 20 
. „ 
21 54025 44-1084 Ai: 


3975775 


Ex. 2. Required the height, alſo the diameter of either fri- 
gid zone, the diameter of the earth being 7958 On and the 
polar circles 23* 28' diſtant from their poles. 


PS = 7958 diam. 
AC = = 3979 ſemidiam, 
Ang. ACD = 23* 28' 


Jo find AN, the diameter of the zone's baſe. 


As rad. go = 10.00000 


is to AC 39799 3.59977 
So is ſine ang. C 23" 28' 9.60012 


To AD 15745 3.79989 
OE "= Dn rs 


AN = 3149.6 = FK, 


MENSURATION OF SURFACES, 157 
To and PD the height of the Zone. 


As rad. go = - 10.00000. 


is to AC 3999 - 3059977 
So is co-ſine 23 28' = = 9-90952 


To DC = 2650 = 2 7 56228 
or Ded. that 3 is 3979 
3650 


The height of zone 329 


N. B. 1. Here it may be uſeful to obſerve, that, te the. 
triangles ADC and TFC are equal and fimilar, CA: DA: : 
TC : FC, but AC is equal to TC; therefore, AD=FC and 
2AD=2FC, hence it is evident, that the height of the torrid 
zone is equal to the diameter of either frigid zone. 

N. 2. In like manner it might be demonſtrated, that the 
height of both temperate zones, together with the height. 
of the torrid zone, are equal to the diameter of the greater. 
baſe of either temperate zone, or to the diameter of the baſs 
of the torrid zone at the tropics. : 


PROBLEM XXII. plate 6. fig. 83. 
To find the area of the ſector of a circle, 


RULE. 


Multiply the length of the arch by half * radius, and the | 
product is the area. 


EXAMPLE I. 


Required the area of the ſector ABCG, AC the chord of 
the arch being 60, and BD the verſed ſine 8. 


| To find the radius- 
ADT goo | 
— = 112.5 and 112.5 +8=129. 5 the diameter. 
BD * 60.25 = AG rad. 


52.25 = DG 
” 77 po To 


13:8 MENSURATION OF SURFACES. 


To find the number of degrees i in the arch ABC. 
As DG = 52. 25 = . 71809 


is to rad. go" = 10.00000 


So is AD = 30 - - 1.49912 


to tang. ACD 29 52 =9.75903_ 
Pp | 2 . 


59 44 = arch ABC. 
| 960" : 59" 4 3 2 378-5802 : 02-8133. 


62.8133 length of the arch AIG 
60.2 5 


3140665 
1256266 
37687980 
e e 


75 
1892.250662 5 Au. 


METHOD IT. 
Find the length of the arch by prob. 217k 


3 * 900 ==A3* 
$* = 64 = 392 
a I mM. 7 ED. 
Y 964 = 31.043 chord of = the arch. | | 
8 | 


248.384 
60. chord of the arch. 


—_ — —— — 


188.384 


62.794 length of the arch: | 
1 Then 
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By the APES: 


62.794 
60.25 


313970 
125588 


3767640 


— 


2)3783. 2225 


1891. 6692 5 
Ex. 2. What is the area of a ſector, when the verſed fine is 
5, and chord of half the arch 10? Anſ. 104.720F. 


Ex. 3. Required the area of the ſector, when the chord o 

half the arch is 10, and the chord of the whole arch 16 feet. 
Anſ. 88.88 feet. 

1 4. Required 4 area of a ſector of a circle, when the 

diameter of the circle is 60, and the length of the arch 60 
yards. | | 15 Anſ. goo ſq. yards. 

Ex. 5. Required the area of a ſector, when the length of 

the arch is 156.28 feet, and the diameter 140 feet. | 

Anſ. 5469.8 /q. feet. 

Ex. 6. When the length of the arch is 54, and the radius of 

the circle 60, required the area. Anſ. 1620. 


PROBLEM XXIII. Plate 6. fig. 83. 
To find the area of a ſegment of a circle. 


* 


RULE I. 


Find the area of a ſector, whoſe arch is the ſame with the 


ſegment, by the preceding problem. 
| | Then 


5 — 


§ When the chord of half the arch is double the verſed ſine, four times the 
verſed fine is equal to the diameter, and the arch 1269 | 
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Then find the area of a triangle, whoſe two ſides are the . 
dii of the ſector, and baſe the chord of the arch. Subtract or 
add the area of the triangle, according as the FRE” is "_ 


or leſs than a ſemicircle. 


RvuLE 2. Multiply the chord of half the EY by 145 to the 
product add the chord of the whole arch, multiply this ſum by 
the verſed fine, and 4% of the product will be the area of the 


: ſegment. 


EXAMPLE ie © 


What is the area of the ſegment ABC, its chord being 68 
and radius 50 ? 


By RouLt L 
25 oo AEZ 


goo SAD 


— | 
——— ——— 


1600 DE 
40 DE 


To find the length of the arch ABC. 
As AE=50 1.69897 
to Rad. 10.00000 
So is ADO 1.47712 


Jo ſine ang. AED 36® — 977815 | 


| | 73-44 
360® : 73* 44' :: 314-16 : 64. 344 the length of he ache 
64.344 X 25221608. 6 area of the ſec. ABCE. 


| DE=20x60=1200 = area of tri. ACE 


408.6 = area of ſeg. required. 


anon or SURFACES 6. 


From 5o0= =BE 
Take ED 
A Rem. i. 10=BD verſed five. 


To 100 = BDa 
Add goo=ADs 


100 ABA 
And 1000 6228=AP 


31 6228 
| 17 


* . 


31.6228 
10. 54093 


4216373. | 
60.90000 chord of: * arch. 40 


102.1633 9 
10 verſed. 


en 


4. Fd 


: 10)4086.5492 


406.65492 425 as before. 


Or this + : "4 | 
Divide the verſed fine by the diameter, find the quotient in 5 
the column of verſed fines; and multiply the correſponding area 
by the ſquare of the diameter for the area of the ſegment. 


The example belog the tame as before, we have the verſed 
fine equal 10, and diameter 100. | 
100) 10. 00. 7 
100 
Y 


ee, 
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the curve line CBD, which is called the Cycloid. 


7 — prop — 
* 7 * 4 
- 


MENSURATION OF SURTACES: 


In the aki of verſed lines find .1 


| And the correſponding area is | 040875 
Sq· diameter, - 4 | 10000 
Area as before, 408. 75000 


2. Required the area of the ſegment, when the arch is 
9o and diameter 36 feet. Anſ. 92.4696 /q. feet, 
Ex. 3. What is the area of the ſegment of a circle, when tlie 


diameter is 25 and verſed fine 9 ? An. 159.09. 
Ex. 4. Required the area of a ſegment, whoſe chord is 32, 
the radius being 20. Asſ. 178.9168. 


Ex. 5. Required the area of a ſegment, its verſed ſine being 
3 and diameter 50 yards. Anſ. 54-1475 /. yards. 


PROBLEM XXIV. 
To jind the area of the cychid. 


D INITIONs. 


1. If the circle ABG E roll on the ſtraight line CD, fo that 
all the points of the circumference be applied to it ſucceſſively, 
the point x, that touches the line CD in c, by a motion thus 
compounded of a circular and rectilineal motion, will deſcribe 


2. The ſtraight line CD is called the baſe. 

The ſtraight line AB, perpendicular to CD, and biſecting 
it, is called the axis, and is equal to the diameter of the gene- 
rating circle. | 

4. The canterating cirele is that by whoſe revolution the cure 
line is deſcribed. | | 

5. The point B is called the vertex. 


Note. The baſe CD is equal to the ects of the ge⸗ 
nerating circle, and the cycloid CBD is quadruple of the dia- 


meter. Vido Sir Iſaac Newton's Philoſophical Diſcoveries. 
| 5 RULE 


A > #1 0 of 21 
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| RULE. 
Multiply * area of the generating circle by 3, and the pro- | 
| duct 18 the area of the cycloid. 
© EXAMPLE I. 


Required the area of the cycloid, a TE 
generating circle is 4 feet. 


12.5664 area of the generating circle. 
3 | 
37-6992 1q. feet, area of the cycloid. | 
Ex. 2. Required the area of the cycloid, whoſe baſe is 


25. 1328. Anſ. 150.79. 
Ex. 3. Required the a area a of the opcleid whoſe length is 0 
ket. | 25 As 23562 fl. feet. 


PROBLEM XXV. 
To find the fine and cofine of a very ſmall arch, ſuch OY 


A ſmall arch ſuch as 1', may be conſidered nearly equal to its 
| fine. Suppoſe, then, the radius of a circle to be 100000, in 
which caſe the circumference will be ad Foy: therefore 

028318.52 


to 260 will quote 29.08, the natural fine of 1. Since the 


ſquare of the hypothenuſe of a right angled triangle is equal to 
the ſum of the ſquares of the legs, therefore from the ſquare of 
e the | 


9 
9 


And“ 


16s —SECANTS AND VERSED SINES, 


the radius ſubtract the ſquare of. the fine of any arch, and the 
fquare root of the remainder will be the coline of. that arch, 


Thus? 10000000000—845. .64=99999.-9 the coſine of 1 
The verſed ſine x B may be found by ſubtracting the i, 


| from the e 


PROBLEM XXVI. 


The fue he Hany arch being given, to find: the fine and a 
| fine of it. ite double. 


RULE. 


ww 


As the radius is to the coſine of any arch, ſo is twice the ſus 
of chat arch to the fine of its double. 


EXAMPLE 


"Required the ſine and coſine of two degrees, the dne er 11 


being 1745, and coſine 99985: 
h Rad. Co- ſine 5 


100009 :.99985 : :3490 : : 3489-47 natural fine of 1 
3489.47 =. 


| three arches differ equally, the radius is to the cof ne of 
the middle arch as twice the fine of the difference i is to the dif 


ference. of the {ines of the greateſt and leaſt arches. 


Ex. 2- Required the fine and coſine of 35 , the fine d coe. 
fine of 15 and - eng given. 


NATURAL SINES, TAN 
| 199000 : 99939 +: 3499, e 
349 = 
8994510 
399756 
. . 
3487. 87710 10 =AL the diff; of the extreme arches. 
1745 Sine of 1® 


| 5232. 87110 the fine of 3*=AF 
The coſine of which. is EAz—AF2=g9863 the caſing of 3 
Ex. 3. The fine and coſine 2* and ** being given, required 


the ſine and coſine of 4. | Sine 6976 
* 10 to. Lada 99756. 
Ex. 4. Required the ſine. and cofine of 5*, the fine ang co- 
bne of 3* and 45 — given. Anſ Sine 8715. 4844 
| (Co: ſine 99619 
Ex. $ The ſine and coſine of 45 and 5 e being given, requi- 
ted the fine and coſine of 6 Aal. Sine 10452 
N 2 Co- ine 9945 5 


In like manner, the 6 ne and coſine of every minute and Pa 
gree of the quadrant may be found ; but when the calculations, 
{are carried on the length of 60, the fines of the remaining 
arches may be found by the following rule : | 
Take the fine of an arch as much below. 60? as the. arch. 
whoſe ſine is required is above Co, to which add the ſine of 
the number of degrees that the propoſed arch excceds 609? ; the. 
ſum will be the fine required · 


Ex. 6. What is the fine of 80e | 
The fine of 60*—20® =40* is 64279. 
The ſine of 80 220 1s 34202 


The line of 89* - 98481 


1 44 
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| To find the tangent. 7 cotangent of every OR and degree of the: 


CA; AB, therefore 


ä ² ne Oe TIO IO T 


A ET. I Ie 


hence, 


SECANTS AND VERSED SINES. 


Anſwers. 

Ex. 7. e the hos of 70® 155 | 94118 
8. " mi 67" 4 92209 

9. of 795 30 f 98325 

10. 15 of 89 45 99999 


The verſed fine is bong by ſubtraing the cofine from the ra- 
dius. 


PROBLEM — 


quadrant, the 1 mes and cofe nes betng given. 


The tangent and cotangent of any arch may be found by ei- 


ther of the following proportions: 


Becauſe the triangles CED and CBA are ſimilar, CD: DE :: 


DE x CA : 
-- = AB, the tangent of the arch 


CD 
EA; that is, the rectangle contained by the ſine and radius of 
any arch, is equal to the rectangle contained by the cofine and 


tangent of that arch. Hence, 
RULE I: 


To find the tangent, multiply the ſine of any arch by the ra- 
dius, and divide the product by the coſine, the quotient will be 


the tangent of that arch. 


The cotangent of any arch may be found upon the ſame prin- 
LE x CF 
=FK 1 


CL 


ciples: Thus, CL : LE : CF : FK; therefore, 


Rol E 2. Divide the product of the coſine and radius of any 


arch by its ſine, and the quotient will be the cotangent: or 
(hich is the ſame thing) ſay, As the ſine of any arch is to its 


co- ſine: ſo is the radius to the cotangent of that arch. 


It 
5. 


NATURAL SINES, TANGENTS. 467 


It is alſo n that AB: AC: : AC: FE, therefore 


AC: 

, that is to ſay, the oodles is a mean We be- 
AB 

' tween the tangent and co-tangent of any arch. Hence, the 


e may be found by the following rule — 


RuLE 3. Divide the ſquare of the radius by the tangent of 
any arch, and the quotient will give the co-tangent of chat. 
arch · 


EXAMPLE I. | 92. 


Required the tangent and co-tangent of 60, the co- ſine be- 
ing 50000, and fine 85603; e 

| Co-ſine. Sine. Rad. Tang. of 60%; 
By Rule 1. 50000 : 86603 : . 100000 : 173206 An; 


By Rule 2. to find he cotangent: 
Sine, Co-ſine. 


86603 : 50000 : . I00000: 57734 co-tan. of 602, or tan. of 30˙. 
Rad. ſquared, 10000000000 _ Ls 

By RuLE 3 — 257734, as by Rule 2. 
tan. 60? 173206 


Ex. 2 m—_— the tangent and co-tangent of 40? 30“ 
| | Tang. 85407 
| * co-tang. 117089 

Ex. 3. Required the tangent and co-tangent of 15 32 
| | An of | 27795 
deen 359 772 

Ex, 4. Required the tangent and co-tangent of 20? 45 
Tang. 37886 
Arp. LR 203949 
Ex. 5. . the tangent and n of $9”. +... 


Tang. 567123 1 
. . | Au. 2 17632 4 
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To find the ſecant and co-fecant of any th the tho and 8 bne be 


om. —_— 


PROBLEM VII. 


ing Buer. 


The figure as in laſt Prob. 


CD: CE ::CA: CB; or rather CD: CA +: CA: CB; 
therefore the rectangle contained by the co-fine and ſecant of 
any arch is equal to the ſquare of the radius: Or the radius is a 
mean proportional between the co-ſine and ſecant of any arch, 
Hence the ſecant i is found by 


| RULE L | 
Divide the ſquare of the radius by the co- ſine of any arch, 
and the quotient will give the ſecant of that arch. 
_ Rvtz 2. Divide the ſquare of the radius by the fine of any 
| arch, the 1 will be the co-ſecant of that arch · | 
EXAMPLE I. 
Required the ſecant and co-ſecant of 60® 
By RuLE I. 
89. rad. 10000000000 
— = = 2000c0 ſecant of 60 


TCo-fine of 60? ut z 
By Rurx II. 
Rad. I. ooo 
Sine of 6 86603 3 
Secants may alſo be calculated by 47. J. Euclid, if the radius 


and tangents are given. Thus, add the ſquares of the tangent 
aud radius together, and the ſquare root of their ſum will be 


the ſecant. 0 


== 1 13049 co-ſecant of 60® 


NATURAL SI NES. 1 


R. 2. Required the ſecant and S of 24 13 


Sec. 100649 
4 Lenke 243789 


Ex. 3 Required the ſecant and co-fecant of 20˙ 35 


Sec. 106819 
oy co- ſec. 284438 


Ex. 4. Required the ſecant and co-ſecant of 10 O 


Dec IQTG424 
Hof co- ſec. 575871 


Ex. 5 Required the ſecant and co- ſecant of 35 40 


Sec. 123089 
_ 1 171505 


PROBLEM. Fig. 84. 


To nd the areas of Junes, or the ſpace included between . inter- 
ſecting arches of two circles. 


RULE. 
Find the areas of the two ſegments which form the lune, and 
| their difference will be the area of the lune. | 


EXAMPLE I. 
The length of the chord AB is 80, the height DC 20, and 
| DE 8, required the area of the June, AEBCA. 
AD =40 
ADz = 1600 
DE*= 64 


94. chord 2 arch, AEB 1664040. 702 | 
OW F 


807) 64 
5649 
8149075 100 

7334 


81 582)17 5900 
163 164 

127 7 16 &c. 

2 | an 


veg. AEB 4300448 


AD2=1600. 

DC 400 

AC: 2000044. 72 
FOE 7 


$4) 4 
88 76400. 
6209 


8942) 19100 
17884. 

89441) 121 600, 
89441 


32159 &. 
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15 628 | 
20 verſ Baer 


2792.560 
| 4 
117.0240 area of ACB. 
430. 0448 of AEB. 


686.9792 area of Lune. | 
b. 2. The chord is 20, and verſed ſines 10 and 2. Requi- 
red the area of the lune. 5 | Anſ. 128. 8 
Ex. 3. The length of the chdrd is 48, and the heights of the 
ſegments 18 and 7. What is the area? An. 405.8676 


Note. If ſemicircles be deſcribed on the three ſides of a right- 
angled triangle, as diameters, then will the triangle be equal to 
the two — on the legs, taken — 
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= - MENSURATION OF SOLIDS. 
1 1 Ee 
b Derunrioss. 


i. Soups are __—_—— that have length, breadth, and thick: 
= 
The boundaries of ſolids are ſuperficies. | 
3. A ſolid angle is that which is made by the meeting of 
more than two plane angles in the ſame point, and which arc 
not in the ſame plane. 

4. Similar folids are ſuch as have their angles ſimilar, ind 

which are contained by the ſame number of ſimilar planes. 

5. A cube is a ſolid contained by fix equal ſquares. Eig. 83. 

6. A parallelopipedon is a ſolid having fix rectangular ſides, 

every oppoſite pair of which are equal and parallel each to each. 
Fig. 86. 

7. A priſm is a ſolid al ſides are | parallelograms, and is 
either triangular, ſquare, pentagonal, &c. according to the f. 
cure of its end. Fig. 87. ' | 

8. A cylinder is a round ſolid, whoſe baſes are e equal circles. 
Fig. 88. : 
8 pyramid 1 is a ſolid, whoſe baſe is a plane ſlave, ind its 
ſides triangles, whoſe vertices meet in a point, called the vericx 
of the pyramid, and is either triangular, ſquare, pentagonal, 
> hexagonal, &c. according to the ſigure of its daſe. Jig. 89. 
10. A cone is a pyramid, having a circular baſe, and is de- 
ſcribed by the revolution of a right-angled triangle about ons 
of its legs. It is either right-angled, acute- angled, or obtule- 
_ angled, according as the revolving leg is equal to, greater, or 


lefs than the other, Fiz. go. 
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11. The fixed leg i is called the axis of the cone. | 

12. A ſphere; or globe, is deſcribed by the revolution of u 
ſemicircle about its diameter; the centre and diameter of the 
ſphere are the ſame as thoſe of the revolving ſemicircle. Fig. 91. 

13. A ſegment of any ſolid is a part cut off the top by a 
plane parallel to the baſe» The fruſtum of a ſolid is that part 
which remains after the ſegment is cut off. Fig. 92. 

14- The priſmoid is a ſolid reſembling the fruſtum of a py- 
ramid, having parallel baſes, and theſe baſes both reQtangles, 
but diſproportional. Fig. 93. | 
15+ A zone is that part of a ſphere between two parallel 

planes. Fig. 94. 


PROBLEM I. Zig. 85. 
25 find the Ae of a cube 
| _ RULE. | 1 


Multiply the area of one of its ſides by 6, and the product 
will be the area of the cube. 


EXAMPLE I. 
Required the —— of a aide; whoſe Bade! is 14 inches; 


— 


196 area of one of the ſides. | 


1176 Anf. 


Ex, 2. How many ſquare ach are in the ſuperficies of a 
cube, whoſe fide is 52 : ? Anſ. 20 ſq. yds. 1% fees. 
- | | Ex. 


Ex. 3. How many ſquare feet are in the ſuperficies of 1 
eube, whoſe fide is 18 inches? Anſ. 13% /. feet. 


PROBLEM II. 
To find the ſolidity of a cube. 


| RULE. 
Multiply the length, breadth, and thicknefs oma, 1 
che 1 25 is the — 


EXAMFPLE I. 
What is the ſolidity of a cube, whole fide is 8 feet ? 
8 . 
8 


ä 


04 
3 
Arſe 5 12 ſolid feet. 
Ex. 2 . the ſolidity of a cube, the ſide being 15 feet ] 


Anſ. 3375 feet 
Ex. 3 Required he ſolidity of a cube, whoſe ſide is 34 yards: 
Anſ. 34-328125 cub. yas. 


Ex. 4. How many yards digging are in a cubical cellar 12 


feet deep ? Anſ. 64 cub. yds. 
Ex. $- How many ſolid yards a are in a cubical cellar, whoſe 
ide is 10 feet? "Mp 37% Cub. yds 


BT © II 


PROBLEM HL 


C7 fo the ſuperficies of a parallelopipeden,. or pri n, ad of the 
cylinger. | | 


RULE. | 


Multiply the perimeter of the end by the length; to the pro- 
duct add twics the area of the end, and the ſum will be the ſu- 


| 3 


EXAMPLE L. 


Required the ſuperficies of a parallelopipedon, whoſe ery 
is 72 feet, breadth 3 feet, and thickneſs 2 feet. 


242=4. | 3 
A 2 
10 perimeter. 6 area of one end. 
72 | PL 
| 720 | | 12 area of both ends. 
3 1 Ol 9 
732 feet. 


Ex. 2. Required the ſurface of a parallelopipedon, whoſe 
length is 72 feet, breadth 5, and depth 4 feet. 
Anſ. 1336 /q+ FR 
1 What i is the benen of a parallelopipedon, whoſe 
kg is 15, breadth 6, and thickneſs 4 inches? 
Anſ. 2 feet 5 3 
Lx. 4. e the ſurface of a triangular priſm, whoſe. 
length is 10 feet, and ſides 3, 4, 5 feet, Anſ. 132 feet. 
Ex. 5. Required the ſuperficies of a priſm, when the length 
1 322 feet, and che end a pentagon, whoſe ſide is 64 feet. 
| 2 1150. 037 


. * N 
1 — * . r 
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Ex. 6. What is the ſuperficies of a hexagonal priſe, * fide 
being 10 inches, and the length 20 feet? 


Anſ. 103. 6084375 /q feet, 
Ex. 7. Required the convex * ſurface of a cylinder, whoſe 


diameter 1s 10 . and length 14+ feet. 


450 37-961 fi. fot 
Ex. 8. Required the e of a cylinder, whoſe length 


1a 207 on, and diameter of its end 5+ feet. 
4. 378. 660975 f Faun 


PROBLEM IV. 
To find the folidity of a n & priſm, or of a eylinder. 


RULE. 


Multiply the area \ of the end by the * and the . 
will be the ſolidity. 


EXAMPLE I. 


/ 


Required the ſolidity of a parallelopipedon, whoſe length i 18 


20 feet, breadth 18. inches, and thickneſs 8 inches. 


. J. Ds Decimally. 
20 o length. | .6 thickne{. 
1 6 breadth, _ 
8 33 
0. 0 66 
30 TS | 1.00 1 — 
8 thickneſs. | 8 


20 o dof. 20-00 nf. 


20 


— 


* — 


When the convex ſurface is required, the area of both ends is oh ted. 


Ul 
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H. By kia. 
20 240 
1920 | | | Wt 
18 | | 


15260 
ata 


1728)34560(20 feet 45 
. ä 


— 


© 


Ex. 2. Required the ſolidity of a parallelopipedon, whoſe 
length is 45 8 breadth 10 feet, and depth 5 feet. | 
Anſ. 2475 cubic feet. 
Ex. 3. 'Koyuired the 2 of a parallelopipedon, whoſe 


lite dimenſions are 302, 442, and 2 feet. 
Anſ. 2894 fold feet. 


Ex, 4. What is the ſolid content of a parallelopipedon, whoſe 
length is 25, breadth 3, and thickneſs 2 feet? ' Arſe 150. 
| Ex. 5. Required the ſolidity of a triangular priſm, whoſe 
length is 10+ feet, one ſide of its triangular baſe being 14 inch- 
es, and the perpendicular falling upon it from the oppoſite 
angle, 10 inches. An. 5 feet, 1 inch 3 parts. 
Ex. 6. Required the ſolid content of a. pentagonal priſm, 
; Whoſe length is 20 feet, and fide 10 feet. Anf. 3440.95 feet. 
| Ex. 7. The ſame dimenſions being given, required the ſolidi- 


ty of an oCtagonal priſm. | Anſ. 9656.854 cubic feet. 
Ex. g. On the ſame ſuppoſition, required the ſolidity of a 
decagonal priſm. | | As. 1.5389 1 ſaci feet. | 
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nearer the figure of the baſe approaches to a circle the your 4 


will the ſolidity be. | ä by | 
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Ex. 9. Required the ſolidity of a cylinder, the diameter of 


its baſe being 15 inches, and length 14 feet. 


| Anſ. 17. 180625 cubic feet, 
Ex. 1% What is the folidity of a pillar 60 inches diameter, 


and 50 feet high! 4 | An. 1099. 56 cubic ” 


PROBLEM V. 
To find the ſuperjicies of any pyramid or cone. 
| RULE. 
Multiply the primeter of the baſe by one half of the ſlant al. 
titude, to the product add the area of the a the ſum will be 


the ſuperticies. 
The reaſon of this rule is obvious: For if the baſe of oa py- 


ramid be any rectilineal figure, each of the ſides will be trian- 


gles, whoſe altitude is the ſame with the ſlant altitude of the 
pyramid. 

It is alſo plain, that the convex ſurface of a cone is the he 
tor of a circle, whoſe radius is the ſlant altitude, and arch the 
circumference of the cone's baſe. | 


EXAMPLE I. 


Required the ſuperficies of 2 right cone, whoſe diameter of 
its baſe is 10 feet, and flant altitude 36 feet. 


3-1416 EE 7854 
10 | I 09 
31.416 circumference. 78. 54 area baſe. 


18 half the ſlant altitude. 


251328 
31416 


505 488 
78.54 


644.023 a | 7 : Ex. 


0850006 WW} 


Ex. 2. Required the furface of a ſquare pyramid, the ſide of 
the baſe wy 30 inches, and ſlant altitude 6 feet. 
Asſ. 36 t. fi. feet. 
Ex. 3. If the ſide of the a baſe be 10 inches, and 
the ſlant altitude 5 feet, required the ſurface of the pyramid. 
Anſ. 11.6114 /q feet. 
Ex. 4. What is the ſuperſicies of a hexagonal pyxgmid, whoſe 
kde is is 15 inches, and ſlant altitude 4 feet? 
7, 190594875 Vf. feet: 


PROBLEM VI. 
25 find the LO of cone, or any Pyramid. 
RULE. 


Multiply the area of the baſe by : the perpendicular alti- 
tude, and the product will be the ſolidity. 
| Note. Any pyramid is the third part of a priſm of the ſame 
| baſe and altitude: Alſo a cone is equal to one-third the circum- 
ſeribing cylinder. | 1 


EXAMPLE I. 


Required the ſolidity of a pentagonal pyramid, whoſe per- 
pendicular altitude is 60, and ſide 8 feet. 


1. 7 20475 tabular area of a pentagon. 
64 * of the ſide. 


— Amumñů—— 


6881900 
— 


— 


110. 11 10400 area of the baſe. 
20 one third the perp. alt. 


2202. 2056000 ſolidity of the pyramid, 
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Ex. 2. What! is the ſolidity of a cone, whoſe lant altitude is 
96 inches, and diameter of its baſe 20 inches? 
"In 9998-45616 cubic inches, | 


Ex. 3. Required the ſolidity of a cone, whoſe perpendicular 
height i is 5 feet, and diameter of its baſe 16 inches. 
Anſ. 2-327 1 cubic feet, 


Ex. 4. Required the ſolidity of a triangular pyramid, its 
Height being 14+ — and the three ſides of its baſe 12, 14, 
10 feet. | | Anſ. 284. 13716 


5 PROBLEM VII. 


To find the ſuperficies of the fruſtum of a cone, or any pyramid. 


"RULE. 


Add together the primeter of both ends, and multiply one 
half the ſum by the ſlant altitude, to the product add the area 
of both ends, and the ſum will be the ſuperficies. 


EXAMPLE I. 


— 


Required the ſurface of the fruſtum of a ſquare pyramid, the 
ſides of the lefler and greater ends being 14, and 24 inches, and 
ſlant altatude 2 feet 3 inches. 


14* 


OF SOLIDS. _. 192 


14 X 4=56 the perimeter of the leſſer end. 
24 * 4=96 the perimeter of the greater end. 
„„ „ 1 
76 half the ſum of the perimeters. 142196 
27 ſlant altitude. | | 
532 | 713 
152 | ED 
2052 product. 
772 area of both ends. 


144)2824(19-6L 
144 


1384 

1296 

880 
864 


. 


; I 60 
144 | 


16 Anſ. 197 4 


Ex. 2. Required the ſurface of the fruſtum of a cone, the di- 
ameter at the greater end being 10, at the leſſer 6 feet, and 
lant altitude 15 feet. Anf. 496-3726 q. feet. 


Ex. 3. What is the ſurface of the fruſtum of a pentagonal 
pyramid, its ſlant altitude being 140 inches, and the ſides of the 
ends 20, and 30 inches? Anſ. 137-0598 /q feet. 

PROBLEM VIII. 
To find the falidity of the fruſtum of a cone, er any pyramid. 


RULE 
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"RULE I. 


Add into one bn the area of both ends, * the mean pro- 
portional between them; multiply the ſum by ; the perpendi- 
cular height, and the „ will be the ſolidity.— This rule 
ſerves whether the fruſtum be of a cone or pyramid. The 
three following applies to the fruſtum of a cone. 

RuLE 2. To the product of the two diameters add = the 
ſquare of their difference, multiply the ſum by the height, and 
this product again by. 78 54 for the ſolidity. 

RLE 3. To three times the ſquare of half the ſum of the 
two diameters, add the ſquare of half their difference; multi- 
ply the ſum by = the height, and this product again by · 7854, 
the laſt product will be the ſolidity. 

RULE 4. Add the ſquares of the two a to their pro- 
duct; this ſum, multiplied by. 7854, and again by 3 7 the height, 


will give the 3 


EXAMPLE I. 


Required the folidity of the fruſtum of a cone, whoſe height 
is 20 inches, the greater diameter 32, and leſſer 24 inches. 


* 


By RuLE J. 


32 
32 
| 1024 
Ta4 


4046 
5120 
8192 
7168 


804. 2496 area of the greater baſe. 


24 


. Fhe fruſtum of any pyramid or cone is equal to three complete pyramids 
: e Wy: 55 or 
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452.3904 area of the leſſer baſe. 


804-2496 X 452.3904=363834-79824384 And 
36 3834. 798 24384 60 3. 1872 mean proportional. 


804-2496 
603.1872 
W e 
1859. 8272 ſum. 
20 height. | 


* 


337196. 5440 


— — — 


12398-8480 ſolidity. 


or cones of the ſame altitude with the fruſtum, whereof the greateſt of the 
three has its bafe equal to the greater baſe of the fruſtum; the leaſt has its baſe 


equal to the leſs baſe of the fruſtum, and the other a mean proportional be- 
tween them, | ; | : 
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By Rur E II. 


— 
128 
768 
21.3 
789-3 
20 
15786. 6 
15786. 6 
2 
631466 
7893333 
126293333 
1105006666 


12398. 84800 47f. as before. 


By RuLE III. 


32 
24 
220 
i 28 half the ſum, 
4 32 
2 
N 4 half the diff. 


— — — —n 
— ET ma er. > 
— Day 


DT OD: 


\ 3 — 
1 = 
” Ws. he ans 
bs 


a 
— 


— 


784 ſq. half the ſum 
3 | 


By RuLE IV. 
242= 576 ſq- leſs diam. 
322 1024 ſq- greater diam. 
24 32= 768 their product. 
2368 


. 2360 
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2368 
7854 
9472 
11840 
13944 
T6576 


18598272 
6.6 = + the height, 


a« — SY 
—— 


e 
199424 
6 


12390. 8480 Anf. as above. 


Ex. 2. What is the ſolidity of the krutum of a cone, iis 
height being 50 feet, the diameter at the greater end 20, and at 
the leſs end 10 feet? | Anſ. 9163 ſolid feet, 

Ex. 3. Required the ſolid content of the fruſtum of a cone, | 
the altitude being 9, — greater diameter 4, and the leſſer 2. 

Anſ. 65.9736. 

Ex. 4. Required the ſolidity of the fruſtum of a cone, whoſe 

height is 38 inches, the diameters _ 16, and 9 inches. 
| Anſ. 4785-1804 


Ex. . What is the ſolidity of a log of wood, whoſe baſes are i : 
ſquares, their ſides being 10 and 15 inches, and length 18 feet! f 


Anſ. 19.7916 
Ex. 6. What i is the colidity of the fruſtum of a hexagonal py- 
ramid, the height being 12 feet, the fide of the greater end; 
feet, and the leſſer 2? Anſ. 197.453472 feel. 
Ex. 3. Required the content of the fruſtum of an oCtagonil 
pyramid, its height being 20 feet, the ſides of its baſes 10 and 
6 feet reſpeCtively. Anſ. 6309-14461 cubic feet. 
Ex. 8. Required the ſolidity of a maſt, 14 feet diameter at 


or SOLIDS, | _ 


the greater baſe, and 1 foot at the lefler, its length being 72 
. . > "" 8g. 5356 cubic feet. 


| PROBLEM IX. 
Fo find the ſolidity of * 
RULE * 


To 0 areas of the two "ln add 1 times the area of the 
middle ſection. Multiply the ſum by the height, and & the pro- 


duct will be the ſolidity. 
RuLE 2. To the longeſt ſide of the leſſer baſe add half the 


longeſt fide of the greater baſe, and multiply the ſum by the 


breadth of the leſſer baſe; reſerve this product. 

Again: To the longeſt of the greater baſe add half the long- 
eſt ſide of the leſſer baſe, and multiply the ſum by the breadth 
| of the greater baſe; and to the product add the product for- 
merly reſerved; multiply this ſum by the height, and + the 
product will give the ſolidity. 


EXAMPLE I. F 


d the ſolidity of a quadrilateral vriſinoid, of which 
the ſhorteſt and longeſt ſides of the greater baſe are 20 and 16 


feet, and the correſponding fides of the leſſer baſe 12 and 1e 


feet, the * being 40 feet 


By Rous "7 


20 
. 
320 greater baſe. 
10 | 
12 | 


129 leiser baſe. = 0 


S 


a foe. | 
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32 


fi  20412=32 and — is 16 
| i E 26 ] 
1 10+16=26 and — is 13 
F 2 : 
it 48 
1 0. 
1 205 area of mid. ſect. 
Sal 320 
71 120 
[2 — 
1272 
40 
6—— as: 4 
6)5 0880 


8480 ſolidity in cubic fects 


By RoLe II. 


12 the jongeſt fide of the lefler baſe. 
10 half the langen ide of the greater baſs. 


= the breadth of the leſſer baſe. 


220 reſerved number. 


Again, 


20 the longeſt ſide of the greater baſe, 
6 half the * ſide of che leſſer baſe. 


26 
16 breadth of the greater WY 
416 ” 


416 


3)25440 


— x 4 


8480 1 feet as above. 55 


Ex. 2. Required the ſolid content of a trough, in the form 
of a priſmoid, whoſe greater baſe is 24 inches by 30, and leſſer 
baſe 20 inches by 24, the depth being 18 inches. An.. 10728. 

Ex. 3. What is the content of the hopper of a mill, 4 feet by 
x at the greater baſe, and 12 inches by 10 at the lefler, its 
depth being 4 feet? Anſ. 574c8 ſolid inches, or 33-2 feet. 


PROBLEM X. 
To find the ſolidity of a wedge 
RULE. 


Multiply the ſum of twice the length of the baſe, and the 
length of the edge by the product of the height of the wedge 
into the breadth of the baſe, and F of the laſt product will be 
the ſolidity. 


Note. When the length of the baſe is a to that of the 


| edge, the "a is equal to one half a priſm of the ſame baſe 


EXAMPLE I. 


How many ſolid feet are in a wedge whoſe baſe is 2 feet 
d inches long and 4+ inches broad, its perpendicular height be- 
ing 14 inches, and the length of the edge 1 foot g inches? 


15 © - MENSURATION 


2 3 14 height, 
12 | 4% breadth. 
32 | 56 | 

2 f 5 | __ 7 

64 twice the length of the baſe. 63 

21 the — of the edge. i 


PROBLEM XI. 
To find the ſuperficies of a ſphere. 
RULE I. 


Multiply the circumference by the diameter, and the product 
will be the ſurface : Or, 
Multiply the . of the diameter by 3. 1416 for the ſur- 


face. 
RULE 2. Multiply the ſquare of the axis by 7 54, and four- 


times the product will be the ſuperficies. 
EXAMPLE E 


How many ſquare inches will cover a globe of 6 inches dia- 
meter? | 


Note. 4 times the « area of a great circle of 2 * is equal 
5 


to its ſurface. 


Or SOLIDS, * 
By Ruta J. 
3.1416 
* 


18.8496 the circumference. 
6 the diameter. 
—— 


de: 113. 0976 iq: Mees. 


By Rurz I. 


8 
FEW 36 fa diam- 


47124 
23562 


"28. 2744 area of a great circle 
x * 


Anſ. 1 113-0976: as above. 


Ex. 2. Required the ſurface of a b whoſe diameter 3s 


5 ihet'6: inches. | [ Anſ. 95.0334. /q. feet. 
Ex. 3. What is the ** of a ball, whoſe diameter is x - 
| inch? Anſ. 3.1416 inches. 
Ex. 4. How many inches will coyer a globe of 12 inches di- 
aweter ? | An. 452-3904» 
Ex. 5. Required the furface of a globe of 18 inches diameter. 
Anſ. 7.0686 /q. feet. 
Ex. 6. Required the ſuperficies of the terraqueous globe, its 
diameter being 7958 miles. And if only one fourth part of its 
ſurface be dry land, and two acres ſufficient to produce food for 
one perſon, how many perſons can live on the earth at one 
time? 


49739 196.6456 dry land. 
I 591054292) perſons. 
Note. A ſquare mile contains 640 acres. 


| 198956786. 5824 q. miles. 
Inf. * 


PROBLEM 


en ny 


w2 MENSURATION 
5 PROBLEM XII. 
To And the ſelidit of a. ſphert. 
RULE I. 


Multiply the cube of the diameter by 5236, and the pro- 
duct will be the ſolidity. 

RuLE 2. A globe may be conſidered as compoſed of an in- 
finite number of cones, whoſe baſes are in the ſurface of the 


ſphere, and common vertex in the centre; therefore the ſoli- 


dity of the globe may be found thus :—Multiply its ſurface by 
$ the diameter, and the product will give the ſolidity. | 


Rib J- Find the ſolidity of 8 cylinder, of equal lametet 
and altitude with the globe, and 5 the reſult will give the fol 
dity of the — 


EXA . 


Required the ſolidity of a globe, whoſe diameter is 50 inch⸗ 
68S. | 
By RLE I. 


125000 eube of the axis. 
2236 „ 
750000 
 375co00 
250000 
625000 | 


6545 o. oo 


by 


' OF SOLIDS. 
By Rur II. 


50 
50 
e. 


2500 
2 1416 


be 

62832 

7854. oo ſurface. 
50 | 3 


— 


05302700 
65450 Au, 


By Ro E III. 


youu 7 5.0000 ſolid cylin. 


3196350 
65450 A. as 3 


Ex. 2. Required the loldity of a | ſphere of 10 inches diame- 


ter. Anf. 523. 6 
Ex. 3. Required the content of a ſphere, whoſe diameter is 
25 feet, Arſ. 818 14 cubic feet. 


Cc 


4 
1. 
\: 4,9 

5+ 4 

4 | 

3 | 
+ ol 

_ ' 

5 

'' 
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N 


n 
Ae: - 


Ex. 4. What is the flidity of a-ſphere, whoſe diameter is 


feet 1 inch ? OO nf. 15.3483 cubic fon. 
Ex. 5. Required the ſolidity of a globe, its diameter being g 
- feet 4 inches. bs Anſ. 303.0092, 


Ex. 6. How many ſolid miles are in the terraqueous globe, 
its diameter * 7958 miles? Anſ. 263883017937. 1232 


| | 
1 
1 
4, 
; j 
4 
Fs 
4 

1 

140 


' PROBLEM X11. 
"X's fd 1 the lee of any zone, or ſegment 5 a " ak 
RULE. 


Multiply the circumference of a great circle of the ſphere by 
the ſegment's height, and the product will be the ſuperficics. 


EXAMPLE I. 


Required the ſuperficies of a zone, whoſe height is*3 inches, 
the diameter of the ſphere being 12 inches. 


3-1416 
| I2 


37. 5992 circumference. 
3 the zone's height. 


113.0976 Anf. in ſquare inches. 5 


Ex. 2. Required the ſurface of a ſegment of a ſphere, whoi: 
height is 1 ſoot ꝙ inches, the diameter being 5 feet. 
Anſ. 21.489 fy. feet. 
Ex. 3. How many ſquare inches will cover a ſegment, whole 
__— is 1 _ the diameter of the ſphere being 3 inches ! 


55 9.4248 /q- incheſ. | 
PROB LEM 
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PROBLEM XIV. 
T7: 99 the ſolidity of a 121225 ſegment. 


RULE I. 


From the treple product of the diameter of the ſphere, mul- 
tiplied by the ſquare of the ſegment's height, ſubtract twice the 
cube of the height, and the remainder, multiphied by .5236, 
will give the ſolidity. 

RuLE 2. To thrice the ſquare of the radius of FE ſegment's 
baſe, add the ſquare of its height ; then multiply the ſum by its 
height, and the product again * £2 = the laſt 8 che 


tolicyty. 


EXAMPLE. 


Required the ſolidity of a ſpherical ſegment, whoſe height is. 
$ inches, and the radius of its baſe 16 inches. 


16 AE 
16 


80250 


r 
8=CE 


Fe 1 
9 


120 treple vid; of diameter, 
64 ſq. of the fruſt. height. 


480 
720 


7680 | | N 


% 
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7680 5 . 
1024=2X8? 16 N 
6656 | 96 
5 236 | 1 
39930 + ag 
19968 3 
13312 | — 
33280 | | 768 = 33AEZ 
— — 64= CE? 
3485-0816 ſolid inches. 
8= CE 
6656. 
5236 
39936 
10968 
13312 
33280 


348 5.0816 ſolid . as before. 


Ex. 2. a the ſolidity of a ſegment, whoſe baſe dia; 
meter is 100, and its height 13.5 inches. 
Anf 54302475235 cubic ike, 
Exi 3. How many ſolid miles are in either frigid zone, the 
height being 329 miles, and diameter of its baſe 3168 miles? 
Anſ. 1 31 5766512 folid miles. 


PROBLEM AY... 
T; find the folidity of the middle zone. of a ſphere. 
RULE I. 


When the ends are unequal, add into one ſum the ſquares 


of the radii of both ends, and 3 3 the ſquare of the zone's height; 
| multiply 
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multiply the ſum by the height, and my product * by 
1.5708 for the ſolidity. | 

| RoLE 2. From the ſolidity of the whole ſphere, fubtrat the 
ſolidity of the ſegments ABC and DEF; the remainder is the 
ſolidity of the zone. | 

RuLE 3. Add into one ſum twice the Serre of the \phere 8 
diameter, and the ſquare of the diameter of the zone's baſe; 
divide this ſum by 3.8197, and multiply the quotient by the 
zone's height; the product is the ſolidity. : 
| EXAMPLE I. 

Required the ſolidity of the middle zone of a ſphere, whoſe 
diameter is 80 inches; the diameter of the zone's baſe being 
48, and 8 64 inches. 


By Rur E I. 


161 109.3 
1.5708 


12888746 


1127765333 
80553466666 


10110933333 | 
253070.54080 Anf. . es By 


—_— MENSURATION” 


By RuLE II. 
$0*=512000 
$236 


307200099 

15 36000 
1024000 
2560000 


2680 3 2000 ſolidity of ſphers. 
150 1 2.6592 


25 3070. 5408 Anf. 


$0 diameter. 
64 zone's height. 


216 


8 ſeg. height. 


So. 


15360 
FO24=2 X 8 


— — — — 8 


14336 


— — 


7886.3 296 ſolidity of one ſeg. 
| 5 | 


15912.6592 ſolidity of both ſeg. 
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By Rol III. 
80 48 
80 48 
6400 384 
2 192 
12800 2304 {q. diam. Zone 'sbaſe, - 
n | 
3. 8197)! 5104 
3954. 14 
1 36060 -— # 
AZTISSS 55 
25307 1.36 4n/: 


Ex. 2. Required the ſolidity of a zone, whoſe greater diame- 
ter is 2 feet, the leſs 1 foot 4 inches, and the height 1 foot 8 
inches. | 8 ets Af. 10723. 328 inches. 
Ex. 3. What is the ſolid content of a zone, whoſe height is 
39, and end diameters 60 and 40 inches ? | 
| 470 75 398.4 cubic inches. 
Ex. 4. What is the ſolidity of a zone, whoſe height is 8 
inches, and diameter of the ends 12 inches? 
b A. 1172 864 cubic icke. 5 


| PROBLEM XVI. Fig. 0 
To find the area of a circular undi. 
 RULB. 


Multiply the length of the ſpindle by the radius of the re- 


_ volving arch; again multiply the diſtance between the centre 
of the revolving arch and the centre of the ſpindle by the lengt! 
| REY | * 


200 MENSURATION | 


of the revolving arch ; ſubtract this laſt product from the for 
* and multiply the remainder by 6. + for the — 


5 EXAMPLE. | 
Required the area of a circular idle, *. length 3 is 40 
and thickneſs 30 inches: | 


VAD+4BDs = AB the chord of = the arch ABC; that is, 


. 400+225 = 28 


AD Da 
—— =DH and DH+BD=EB rad. alſo fo FB—BD=DF cent. diſt, 
BD Os 
3 
400 


=26.6 and 26.6+16= 20. 83 rad. alſo 20. 83—1 35 = 


15 
4 


Now, to find the length of the arch : 


As AF = 20. 33 = 1.31869 
Is to rad. go 19.00000 
So is AD=20 1.30163 


Jo Sine + arch 73* 41'=9.98234 
. 33 | 


147” 22 arch. 


Then oy, As i 147* 2:: 3. 1416X41- 6: 53-58 leng. of arch. 


Or thus: 


200 
=” 


— cw 


Ie 60 


53.3. "the arch nearly. 
28.83 
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28.83 52-58 
40 5. 
83333 42804 
312.55 26790 
. 1786 
520.783 — 
6.2830 312.5 50 
1041566 
15623500 
416626666 
1041566666 
31247000000 


3 272.18 5 8400 ſquare inches. 


Ex. 2. Required the number of ſquare inches which will cover 

a circular ſpindle, whoſe nos is 80 and thickneſs 16 inches ? 
A1. 27473166336. 

Ex 3. Required the area of a circular ſpindle, whoſe length 
13 12, and thickneſs 9 inches. Anſ. 294.3621 /. inches. 


PROBLEM XVII. 
To find the ſolidity of a 3 [pinals. 


Multiply the area of the reyolving ſegment by + the diſtance 
between the centres of the arch and ſpindle, ſubtract the pro- 
duct from I the cube of half the length of the ſpindle, then 
multiply the remainder by 4, and this ET again by 3. 1416: 
for the * See the laſt figure. 


EXAMPLE I. 


Required the area of a circular ſpindle, whoſe length is 60 


and diameter 45. 
D4-- AD 
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 AD*=9go00o 
— — = 40 


. 


31. 25 rad. 


BD +ADz = AB = obe 254900 = 37-5 


4 5 chord half arch. 


300. 0 
60 chord whole arch. 


3)240 
80 the of the arch · 


31.25 rad. 
80 e of the * 


2)2 5 00. oo 


1250 the area of the ſector AFCB, 
8.75 & 30 252. 5 the area of the triangle ACF. 


987.5 the area of the rev. ſegm. ACB, 


4.375 the half the central diſt. DF. 


49375 
69125 
29625 
29500 


4320-3125 


60 


of SOLIDS. 263 


5 30 half the ſpindle. 
* 
900 
30 
3027000 


— 
ooo one-third cube 5 | ſpindle. 


4320-3125 


4079.687585 
4+ 


1877855 
— 


1123125000 
187187500 
7487 5000 
187187500 
561572500 


58806.82 500000 ſolidity: 


its, 2. Required the: ſolidity of a circular ſpindle, whoſe 
length i is 30, and thickneſs 224 inches. Anſi 7350.853125. 


- 


Ex. 3. Required the ſolidity of a circular ſpindle, whoſe mid. 


fe diameter is 36, and length 40 inches. 
| 4 299 5 cubic inches, 


PROBLEM XVII. 
To find the ſolidity of the middle zone of a circular ſoindle 
— 
From the fourth part of the ſquare of the length of the 


whole ſpindle, ſubtract + the ſquare of half the length of the 


middle fruſtum, and multiply the remainder by 2 the length 
| of . 


—_—_ * 


CE od 


RE LF 


=” 


2 — A. " 
* ö = ; CE r . r ES... 
5 2 2 r 1 — — — — 8 = Wes - * A bY \ — LET - 
FE! ²˙ !. . ̃ ͤ .. . 
4 \ 8 5 . bh - * 3 Boy +74 o 


— 


— . > F * - o 
FF; 22 3 * 2 —— —— — = 3 3 — 4 5 2 — 
C 8 — 3 . + i ns : * es = BE 
> ERS — — I ey — 2 4 Tt I." — ah + FT = _ "2+ — — OS "rs — 1 — — 
J 5 IL 27 T = d U N 1 — 4 2 — — — 5 & = 
8 — * Eon oft » 3 LEN RT „„ 5 . e e 
it 2 — 6d 2 o - 5 * _ 6. n 2 3 we I 2 . 
gi — . 2 2 ei fs cr. ara ts aw; Sd es - : T *_- = EH: \ \ w— $5 * n =. E 
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1 — . 9 15 —— — — - TT 2 = ST = = 
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.. E 
J 
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of the fruſtum: Multiply the central diſtance by the revolving 
area which generates the fruſtum ; then ſubtract this latter 
product from the former, and multiply the remainder by 
3.1416, and twice the product will be the ſolidity. 


EXAMPLE I. 


Required the ſolidity of the fruſtum of a circular ſpindle, 
whoſe length is 40, greateſt diameter 36, and leaſt 16 inches. 


Draw EG parallel to mn, then EF ſhall be equal + mn, =2» 
2 and EF2+FB2=EB2=g00 chord. 


EB* «500 
— = — = o diameter of the generating circle. 
FB 10 


Hence rad. BD = 25 
and 25—18 = 7 the central diſt. 
AL2=AD2—LDi=625—49=576 
EF= 400 = «© « I 33-3 


1 — ans: 
20 


8853.3 firſt product. 


= 


BE 10 I 
— = — = -- = *2 
205 © 28 
Its tabular ſeg. 7 111823 
and 50 = 2500 
55911500 
2236465 


Area of ſeg. EGB = 279.557500 
mExEG=8X 40 = 320 


Gener. area Em n A 599.557 500 | 
7 


4196.902500 ſecond product. 
8853-33333 firſt product. 7 


43656.43083 
3.1416 


279385 8500 

"er — 465643083 
18625723333 
46564308333 

1390929250 


14628.63310000 
. : 2 


29257.26621200 ſolidity. 


Ex. 2. Required the ſolidity of a circular ſpindle, whoſe 
length is 40, its greateſt diameter 32, and leaſt 24 inches. 
1 Anſ. 27287 cubic inches. 


PROBLEM 
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PROBLEM XIX. 
To ff the e and ſolidity of the Ave regular or Planie 
Bodies. 
RULE. 
Multiply the ſquare of the given fide. into the correſponding 
tabular area for the ſuperficies. And 


- Multiply the cube of the given fide by the proper tabular ſo- 


lidity, for the ſolidity of the given body. 


| Names. Containing fades. Area. | Solidity. | 

4 HA 2 — — WE | 
Tetraedron | 4 equilateral trian. 1.732051 [O. 117851 
Hexaedron | 6 equal ſquares 6. „ 


j 


Octaedron |. 8 equal equi. lat. tri. 3.464102 | 0.47 140; 


| Icoſaedron | 20 equal — tria. | 8 Ha 


— | 2 


This table exhibits the area and Py ot any of the above 
bodies, the ſide being unity. 


The areas of the above figures are ſo related to thoſe of re- 
gular polygons, and their ſolidities to problems already treated 


of, that we ſhall leave the conſtruction of the table for the ex · 
erciſe of the learner. 


EXAMPLE I. Fig. 97. 


Required the area and ſolidity of a tetraedron, whoſe fide is 


30. | | | " 


30 


Dodecaedron 12 equal pentagons 20.6457 297.6631190 
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1 1.732052 tabular area. 
30 | 900 
; 909 7 TY 5 58. e ſurface. 

ht ” Sia 
30 
= 
30 
27000 


1178511 tab. folidity. 


= 


31 809797000 ſolidity. 


Ex. 2. Required the ſuperficial and ſolid o content of a hexae- 


iron, whoſe fide is 6. Fig. 98. Anl. I 3 216 
| | olidity 216 


Ex. 3. Required the area and ſolidity of an octraedron, 
whoſe fide i is 3. Fig. . th nf 1 31.176918 
Solidity 12.727925 
Ex. 4. Required the ſuperficies and ſolidity of the icoſaedron, 
| whoſe 8 is 2. Fig. 100. 2 Superficies 34.641 


Solidity 17.4535 
Ex. 5. Required the ſuperficies and ſolidity of a dodecae- 


dron, the ſide being 4. Fig. 101. Af} Seide e 
olidity 139.6284 


PROBLEM XX. Fig. 102. 
To find the ſurface and ſolidity of p cylindric ring. 
RULE 


Multiply che circumference of the ring by its length for the : 
ſuperſicies. 


Multiply the area of a ſection of che ring by the curve, for 
the WY 


EX A YH. 
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EXAMPLE I. 


Required>the ſurface and ſolidity of a cylindric ring, whoſe 


curve is 12, and the diameter of the ring 3 inches. 


To fed the ſurface. 


„„ 7854 
1 | 9 
9.4248 cir. ring. 7.0686 area ſection. 
By © - length. | IS | 
113.0976 ſuperficies. ; | 94.8232 ſolidity. 


CONIC SECTIONS. 


if 


A CONE may be cut various ways; and, doing to the 


<itterent poſitions of the cutting plane, the five plane figures 


tollowing will ariſe, viz. the cirele, the. ellipſe, the parabola, the 
Z "3þ2r 001 a, and the friangle. 
9 


 DrrixitIONs. 


the baſe. 
. If the ſection is obliquely 90 the baſe, it will form an el- 
koſe. Fig. le 2. 8 
3. If the ne cut parallel to one 5 the Ades, the fection 


will be a parabola. Fig. 163. 
| 4. The 


The ſet: ion is a circle, when the cone is cut parallel to 


i | wp — — 
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4. The ſection! s an hyperbola, when the cutting plane meets 
the oppoſite _ and makes another ſection ſimilar to the for- 
mer. | F 
5. The ſeQion fora a inge when the plane paſſes 


through the vertex and meets the baſe. | 
6. The vertex of any ſection is the point in which the Plane 
meets the oppoſite ſide of the cone. 
7. The tranſverſe axis is a line drawn between two vertices. 
6. The centre of an __ is the middle point of the tranſ- 
verſe. | 
9. The conjugate axis is drawn through the centre perpen- 
dicular to the tranſverſe. 
10+ The ordinate is a line perpendicular to the axis. | 
11. The abſciſſa is that part of the axis n between 
the ordinate and the vertex. 5 
12. The axis of a parabola is a right linè drawn from the 
vertex, ſo as to divide the figure into two equal parts. 
13. The tranſverſe diameter of an hyperbola is that part of 
the axis, intercepted between the vertices of the _ oppalite ſec⸗ 


tions. 


PROBLEM I. 
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To deſcribe an ellipſe. 


It is a known property of the ell ipſe, that any two lines 
drawn from the foci, meeting in any point of the curve, are to- 
gether equal to the tranſverſe diameter. Hence the following 
method of deſcribing an ellipſe. 

Find the points x y in the tranfverſa, which + you are to con- 
ſider as your foci; there fix two pins, and take a ſtring equal 
to the tranſverſe, and faſten its ends each to a pin, then ſtretch 
the ſtring with a pencil, and move it round within the thread, 


19 ſhall its path deſcribe an _— 


Ts ad. 
- * be - 
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| When the tranfverſe and conjugate diameters are given, the 
foci may be found thus. Draw the tranſverſe AB, and conju- 
gate CD ſo as they may biſe& each other at right angles in the 
point E, and with the diſtance AE or EB, and centre Cor P, 
deſcribe arches, cutting the tranſverſe in the points x y, 1 
ſnall x nd y be the foci. 


PROBLEM IT. 
v. find the length of the elliptic curve. 
RULE. | 
Multiply the ſum of the tranſverſe and conjugate diameters 


| by 3-1416, and half the product will be the circumference 
—_— 


EXAMPLE I. 


Required the length of an elliptic curve, whoſe conjugate is 
40 and tranſverſe 60 feet. | 


40 3.1416 

60 100 
100 | 2)3147; 1600 
157.08 Auf. 


Ex. 2. What is the length of the circumference, when the 
diameters are 30, 40 feet? Anſ. 109.956 feet. 

Ex, 3. Required the circumference of an ellipſe, wk tranſ- 
verſe diameter is 20, and conjugate 10 yards. 


Anſ. 282. 744 fett. 
Ex. 4, What is ; the periphery of an ellipſe, whoſe axis arc 
36 feet and 24 feet : f Anſ. 94-248. 


PROBLEM 


CONIC SECTIONS. . 
PROBLEM III. 
To find the a of an elligfe 
RULE 


Multiply the tranſverſe by the conjugate, and this i 
* by 7854 for the area. 


EXAMPLE. J. 
Required the a area of an pl whoſe two axes are 30 and 
40 feet. 
30 
1200 
2854 
942-4800 
Fx. 2. Required the area of an ellipfe, whole traverſe and 
conjugate are 20 and 10 feet. : Anſ. 15 J. 08. 
Ex. 3. Required the area of an ellipſe, whoſe diameters are 
48 and 36 yards. „„ Anſ. 135.1712. 
Ex. 4. Required the area of an ellipſe, whoſe two axes are 
14 and 12 feet. . An 131 9 
PROBLEM Iv. 


The tranſverſe, conjugate, and ordinate b given, to gad 
the abſciſſa. 


Ee 2 1 
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- RULE.- 


As the conjugate 
Is to the tranſverſe, 
So is the ſquare root of the difference of the ſquares of the 
orcinate and ſemi-conjugate | 

To the diſtance between the ordinate and centre. 


Note. This diſt ce is to be added to or ſubtraKted from the i 
ſemi-tranſverſe, according as the abſciſſa is greater or leſs than 
ma ſemi· tranſverſe. 


EXAMPLE I. 


The tranſverſe AB is 60, the conjugate CD 20, and the or- 
dinate Fx 8. It is required to find the abſciſſa. 


10 | | 8 | | Too 


10 8 8 . ” 
o of the ſemi-conj. 64 ſq. of the ordinate. 36⁰6 root, 
| 5 36 
As 20: 60: : 6 
20) 300 a 


18 3 between the ordinate and centre. 
I ſemi-tranſverſe. 


3s the abſciſſa x 3 e 
12 the abſciſſa A x. 


Ex. 2. The tranſverſe go, the conjugate 3o, 5 the ordi- 


nate 12, required the abfciſſas. Anſ. 52 and 18. 
Ex. 3. The tranſyerſe 105, the conjugate 35, and the ordi- 


nate 14, required the abſciſſas. Anſ. $4 and 21. 
525 8 Ex. 
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Ex. 4. The tranfverſe diameter is 3, the conjugate 1, and * 

the ordinate , required the abſciſſas. Anſ. £, and 24,1 99 

PROBLEM V. ay 

1 

30 

e * 

The conjugate, digits and abſci a vg given, fo 2 the tranſ- 9 ' 
RULE. 


Find the ſquare root of the difference of the ſquares of the 
ſemi-conjugate and ordinate, and, according as the greater or 

| leſs obſciſſa is propoſed, add this root to or ſubtract it from the 

ſemi-conjugate. 'Then uſe the following proportion 


As the ſquare of the ordinate | 
Is to the product of the conjugate and abſciſſa, 
So is the ſum or difference, found as above, 
To the tranſverſe. 


EXAMPLE. . 


The conjugate CD is 20, the ordinate Fx is 8, and the ab- 
ſciſſa Ax 12, required the tranſverſe AB. 


19*=1c0 
"= 64 
36(6 root of the differences of the ſquare of the ſe- 
36 10 ſemi-conjugate. mi conj. and ond. 
16 ſum. „„ a 


As 64 : 2 Xx 20: : 16 
04 : 240: : 16 
© | 


HE 64)3840(60 the tranſverſe. 
384 
Ex. 
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Ex. 2: The conjugate 30, the ordinate 12, and the abſciſſ: | 


18, required the tranſverſe. Anſ. o. 
Ex. 3. The conjugate 35, the ordinate 14, and the abſciſfa 
84, required the tranſverſe. Anſ. 10g; 
Ex. 4. The conjugate 1, the abſciffa 25 and the ordinate 
Fos required the tranſrerfe. | Anſ. 3. 
PROBLEM VI. 
The tranſverſe, ordinate, and abſci in 1 given, to find the con- 
d jugate. 
RULE. 


As the SER root of the produdts of the two abſciſlas 
Is to the ordinate, 

So is the tranſverſe 

To the conjugate. 


EXAMPLE L 


'The tranſverſe AB i is Go, the ordinate Fx 5, and the abſeicz 
12, required the conjugate. 


The tranſverſe 60 
One of the ablciſſas 1 12 


The e other adſclſ 48 | As 24 :8 :: 60 
. 5 8 


Ln 
5 775 5 24)480(20 the conjugate . 
1 on” 40 
440176 . 
176 | N 


. 
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Ex. 2. The tranſverſe 90, the ordinate 12, and the abſciſſa 


18, required the conjugate diameter. An. 30. 
Ex. 3. The tranſverſe 105, the ordinate 14, and the abſciſſa 
84, it is required to find the conjugate. Anſ. 35. 
Ex. 4. The tranſverſe 3, the ordinate , and the abſciſſa 
2785 required the conjugate. os Anſ. 1. 


* 
PROBLEM VII. 


The * tranſverſe, and conjugate being given, to find the or. 
dinate. 


As the tranſverſe 


Is to the conjugate, 
So is the ſquare root of the produa of the two abſciſſas 


To the ordin ate. 
EXAMPLE I. 


The tranſverſe AB ORE the abſciſſas 12, 48, and the * 
gate 20, required the ne 


; 12 60: 20 :: 24 
48 ET 20 
576(24 | 60)480 
4 | 
— A2. g the ordinate. 
44)176 
— 170 


Ex. 2. The ankert 90, the abſciſſa 18, and the conjugate 


30, required the ordinate. | Auſ. 12. 
Ex. 


ws coc SECTIONS: 


Ex. 3. The tranſverſe 105, the abſciſſa 84, and the conju- 


gate 35, required the ordinate. Auſ. 14. 
Ex. 4. The tranſverſe 36, the abſciſſa 283, and the conju- 
gate 12, required the ordinate, | e Anſ. 4. 8. 
PROBLEM VIIL 


* 


0 Jong the area of an Po c ſegment, whoſe baſe is parallel te 
either of the axis. 


RULE, 


Divide the height of the ſegment by that axe of the ellipſe 
of which it is a part, and find, in the table of circular ſegments, 
an area, whoſe verſed fine ſhall be equal to this quotient. 
Then multiply the area ſo found, and the two axes conti- 
nually, and the laſt product will giwe the area of the ſegment | 


required. 


EXAMPLE I. 


Required the area of the clbptic ſegment ECF, whoſe height 
is GC 20, and the axes CD and AB 7o and 50. | 


70) 20.00. 28577 3 verſed ſine. 


140 
600 ; Seg. is . 185153 
560 1 70 
400 12.9607 1 
350 . 
D 500 : 648.035500 area. 
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Ex. 2. Required the area of an elliptic ſegment, cut off pa- 
rallel to the conjugate, at the diſtance of 18 from the centre, 
the axis being 60 and 20. 414%. 13a. 1876. 


Ex. 3. Required the area of an elliptical ſegment, cut off pa- 


rallel to the tranſverſe, whoſe height is 6, the diameters being 

20 and 20. Anſ. 118 goos. 
Ex. 4. Required the area of an elliptical ſegment, cut off pa- 

rallel to the tranſverſe, whoſe height is 10, the diameters be- 


ing 70 and o. 4 M'fe 391-3829+ 


PROBLEM >; 8 


N 


„ 


To de fe tbe a = pardbels 1 the geit and ordiriate 70 the, axle being gi⸗ 


Ven. | 0 


RULE. 


Biſect the given ordinate BA in G, join vo, and FRE GD 
at right angles to VG, meeting the axis in D, and make VO, 


OF, each equal to BD, and F will be the focus of the parabola. | 


Take any number of points, x, x, &c. in the axis, and through 
theſe points draw double ordinates of an indefinite length. 

Then with the radii VF, Vx, &c. and centre F, deſcribe the 
arches c, c, & c. and through all tac points of interſection the 
curre may be drawn. | 

Note. The line cFc is called the parameter. 

For other methods of conſtruction, See Gunnery. 


PROBLEM X 


5 three of the four following particulars being given, viz. any 
tus ordinates und their two abſciffas, to find the fourth. © 


Fi 


RULE. 
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RULE. 
As any abſciſſa 


ls to the ſquare of its ordinate, 
So is any other abſcifſla 
Jo the ſquare of its ordinate. 


EXAMPLE I. 


Let the abſciſſa VC be 6, and its ordinate AC 5, required 
the ordinate DF, whoſe abſciſſa VF is 12. 


6: 25::12 


12 | 
6)300 — and = 7-071 Anſ. 
5 o=DF* 


Ex. 2. The ordinates are 6 and 8, and the leſs abſciſſa , re- 
quired the greater. „„ 
Ex. 3. The ordinate is 18, and its abſciſſa 27, the other ab- 

ſciſſa is 48, required its correſponding ordinate. Anſ. 24. 


PROBLEM XI. 


To find the 3 of an arch of a parabolic curve, cut Y bya 
double ordinate. 


RULE. 


To the ſquare of the ordinate add 4 of the ſquare of the ab- 
ſciſſa, multiply this ſum by 4, and the ſquare root of the pro- 
duct will be the length of the curve required. 


EXAMPLE 
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EXAMPLE I. 


Let the abſciſſa VF be 4, and its ordinate « DF 12, required 
the length of _ arch DAVBE. | 


I2 | 4 
12 J 4 
-_ 44 [. of the ordinate. 16 ſq. of the abſcifli. 
21.33 4 
165-33 b - 3)64 
| : „ 
661.33(25- 7460 the length of the arch · 
4 
45261 LIT 
"2s 
50703633 
3549 
514708333 
68141 
$1426)319233 
3 
514322) 1067623 . 
1028644 ; 
38978 Kc. 
Ex. 2. Required the length of the curve, when the abſciſſa 
is 8, and the ordinate 16. | Anſ. 36.951. 
Ex. 3. Required the length of the curve, when the abſciſſa 
is 15, and ordinate 12. ff.... 1 


PROBLEM 
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PROBLEM XII. 
To find the area of a parabola, the baſe and height being given, 
RULE. 


Multiply the baſe by the height, and 2 the product will be 
the area required. | 

Note. Every parabola is equal to + * the eben pa- 
rallelogram. 


EXAMPLE | 


Ranked the 7 area of a > whoſe baſe is 16, and 
height 20. 


16 


20 


320 
e 

30640 
"$734 


Ex. 2. Requred the area of a parabola, whoſe baſe is 30, 


and height 20. _ Arſe 400. 
Ex. 3. Required the : area a of a parabola whoſe baſe is 9, and 

Height 14. Anſ. 84. 
Ex. 4. Required the area of a 5 whoſe baſe is 12, 

e ee „ FF9 
Ex. 5. Required the area of a parabola, whoſe baſe and alti- 

| tude are 15 and 22. Anſ. 220. 
Ex. 6. Required the area, 8 the baſe and altitude ate 


3 d 4 5 mw | Anſ. & 


FARES 
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PROBLEM XIII. 
To find the area of the * of a parabola. 
RULE. 


Divide the Shs of his cubes: of the two ends of the 
fruſtum by the difference of their ſquares, multiply this quo- 
tient by the altitude, and + the product will be the area requi- 
red. 


EXAMPLE I. 


In the parabolic fruſtum DABE, the two parallel ends DE, 
AB, are 12 and 2c, and the altitude FC 6, required the area. 


11 20 AB2=400 AB3=8000 
1 20 DEz=144 DE3=1 728 
144 ſq. 400 256 256)6272(24+-5 quot. 
£3 20 | | 512 
1728 cube. 8000 cube. 1152 
| . 1024 
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980 area required. 


Ex. 2. The greater end of a fruſtum is 20, the leſs 10, and 
cheir diſtance 12, required the area. A, 1865. 
. . Ex. 
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IZT 


Ex 3. The greater end of a fruſtum is 30, the leſs 20, and 


their diſtance 15, required the area. 20. 

Ex. 4. The greater end of a fruſtum is 9, the leſs 6, and their 

diſtance 4, required the area. Anf 118, 
PROBLEM XIV. 


To deſcribe an hyperbola, the tranſverſe and conjugate diameter 
| being given. 
RULE. 

Draw ADB the tranſverſe diameter, and BC the conjugate at 
right angles to it; biſect AB in c, and and with the centre c, 
and radius CE, deſcribe the circle EF Df, cutting AB produced 
in the points F, f, and theſe points will be the foci. 

In AB produced take any convenient number of points x, x, 
&c. and from F and f as centres, and radii Bx, Ax, deſcribe 
arches interſecting in the points m, m, &c. Join theſe points, 
and it will form the hyperbolic curve required. 


Note. If through the points E and D ſtraight lines be drawn 
from c, they will be the aſymptotes of the hyperbola. 


Any three of the four following particulars being given, to 


find a fourth, viz. the W conjugate, ordinate, and. its 
— 


PROBLEM XV. 


The tranfs 8 . ol abſciſſa being given, to wm the . 


dinate, 


RULL, 


core SECTIONS. = 464 


' RULE. 


As the tranſverſe 
Is to the conjugate, 


So is the ſquare root of the Jy of the two abſciſſas 
To the ordinate. 


EXAMPLE I. 


In the hyperbola GBH, the tranſverſe is Co, the conjugate 
36, and the abſciſſa AB 20, required the ordinate. 


2BC : DE: : V2BC4BAxBA : GA 


2BC=60 As 60: 36: : 40 
8 0 40 


$0. - | | | 60)1440 


| Anſ. 24 the ordinate. 
1600{qo | e 
16 


O0 


Ex. 2. The tranſverſe is 50, the conjugate 30, and the ab- 
ſciſſa 163, required the ordinate. Anf. 20. 


Ex. 4. The tranſverſe is 45, I 224, and the abſeiſſa 
15, required the ordinate. Anſ. 15. 


Ex. g. The tranſverſe diameter i 24, the conjugate 21, and 
the leſs abſciſſa 8, required the ordinate. Anfe 14. 


PROBLEM XVI. 


The tranſeerſs * — and a an ordinate, being gi- 


ven, to Aud the abſriſſas. 
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RULE. 


As the conj zante diameter | es Yogi + 1 
Is to the tranſverſe, w | 
So is the ſquare root of the ſum of the de. of the ordintts 


and ſemi-conjugate 
To the diſtance between the ordinate 1 centre. 


Add to, or ſubtract from, the enn fene, this fourth 
| propor * N as the greater or leſs abſcifla 1 19 requi- 
| red. 8 5 


EXAMPLE I. 


The MCLE? diameter 1s 88. the conjugate 26, and the v 
dinate 24, required the two abſciſſas. 4 


18*=324 ſquare of the ſemi-conjugate. 
24.2576 Pe” of the ordinate: | 


900030 
9 


— — 


oo 


36: 60 : 30 
So 
3601 800(50 diſt betw. the ordinate and centre. 
180 30 ſemi-tranſyerſe. | 


o 30 greater abſciſſa. 
20 the leſs abſciſſa. 


The tranſverſe diameter is 30, the conjugate 30, and the or- 
dinate 20, required the abſciſſas, Anſ. 66 and 163. 

Ex. 3. The tranſverſe diameter is 24, the conjugate 21, and 
the ordinate 14, required the abſciſſas. Anſ. 32 and 8. 
| 7h 55 8 VVV 
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* od . * # 
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Ex. 3. The tranſverſe diameter is 24, the conjugate 21, and 

he ordinate 14, required the abſciflas, Anſ. 32 and 8. 
Ex. 4. The tranſverſe diameter is 30, the e 22 and 

the ordinate 15, required che abſciſſas. | 7 33 4 + and 34. 
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275 find the Jength 1 an yo of an hyperblic curve, . al 


the vertex, 


- RULE: 


To 19 times the crarifverſe add 21 times the . of 
the axis; and, to 9 times the tranſverſe, add 21 times the pa- 
rameter, then multiply each of theſe ſums by the quotient f 
the abſciffa divided by the tranſverſs JV 
To each of the products ſo found add 15 times the parame- 
ter, and divide the former hy the latter, and multiply this quo- 
tient by the ordinate, the product will be the length of the arch 
nearly. 


EXAMPLE I. 


In the hopeibolh GBH, the tranſverſe is 160, the conjugate 
120, the ordinate 20, and abſciſſa 43, required the length of 
the curve GB. 5 
G g . firſt, 


* —— 


＋— - . — ITY 


From a well-known property of the hyperbola, the rect- 
angle contained by the tranſverſe and the parameter is equal to 
the ſquare of the conjugate z that is, che conjugate is a mean 
proportional between the tranſverſe and the parameter. Hence, 
the following proportion to find the parameter: 
As the tranſverſe, is to the conjugate, 
80 is the conjugate, to the parameter. 
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Firſt, To find the parameter: 
As 160: 120: 
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: 120 : 90 the parameter. 
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Ex. 2. Let the tranſverſe be 80, the conjugate 60, the ordi- 
nate 10, and the abſciſſa 2.1637, required the length of the 
arch GB. | Anſ. 16.3 

Ex. 3• The tranſverſe is 120, the conjugate 72, the ae | 


48, and the abſciſſa 40, . the length of the arch. + 
Anſ. 62.6496. 


PROBLEM XVII. 


75 find the a area of an hyperbola, the tranſverſe, conjugate, and 
_ abſciſſa being given. 


RULE. 


To the product of the tranſverſe and abſciſſa add £ of the 


ſquare of the abſcifla, and multiply the iqpare root of the ſum 
by 21, 
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To this product add 4 times the Sure root pf the product 
of the tranſverſe and abſcifla, and divide this fum by 75. 
Divide 4 times the produt of the conjugate and ahiciſſa by 
the tranſverſe. 
Multiply this laſt quotient by the former, and the produc 
will give the area of the hyperbola. 


| EXAMPLE I. 


In the hyperbola GBH, the ranfrerſs 3 is 60, the conjugat 
36, and the dei * required the area. | 
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3009. 424 firſt product. 36. 
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Ex. 2. The tranſverſe diameter is 50, the conjugate 30, and 
the abſciſſa 25, required the are. Anſ. 805.09. 

| Ex. 3. The tranſverſe 30, the conjugate 18, and the abſciſſa 
10, required the area-  dnſe. 151,668. 


PROBLEM XIX. 
To find the folidity of a ſpheroid. . 


RULE. Sy 


Multiply the ſquare of the revolving axis by the fixed axis, 
and multiply the product by .5236 for the ſolidity,” N 
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EXAMPLE. I. 


Ren the folidty of the prolate 8 ABCD, the 
tranſverſe or fixed axis AC is 4 5. the WG axis DB * 
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230 Co SECTIONS. 


1225 ſq. of the revolv. axis. 
45 fixed axis. 


330750 
105375 


11025 


275625 


— aw — — — 


28863. 45 00 A 


Ex. 2. Required the ſolidity of the oblate ſpheroid, whoſe 


fixed axis is 60, and revolving axis 100. Anſe 314160. 
Ex. 3. Required the ſolidity of a prolate ſpheroid, whoſe 

| fixed axis is 9, and revolving axis 7. Anſ. 230. 9076. 
Ex. 4. What is the content of an oblate ſpheroid, whoſe 


axis are 50 and 30? | | Anſ. 39270. 
PROBLEM XX. 
To find the folidity of the ſegment of a ſpheroid. 
„ 


Casz I. When the baſe is parallel to the revolving axis, mul- 
tiply the difference between triple the fixed axis and double the 
height of the ſegment, by the ſquare of the height, and the pro- 
duct again by. 5 236. Then, | 1 
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As the ſquare of the fixed axis 

Js to the ſquare of the revolving axis, 
So is the laſt product | 

To the ſolidity of the ſegment required. 
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Cask II. When the baſe is perpendicular to the revolving. 
axis, multiply the difference between triple the revolving axis 
and double the height of the ſegment, by the ſquare of the 
height, and the produck again by Mo 36. * 

As the revolving axis 

Is to the fixed axis, 

So is the laſt product 

To the content, : 
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© EXAMPIE I. 

Required the ſolidity of the ſegment of a prolate ſpheroid, 

the axis being 20 and 12, the height of the, ſegment 2, and its 
baſe parallel to the revolving axis. 
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60 triple the fixed axis. 
4 double the height. 
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Then as 400: 144 : : 117.2864 
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4691456 
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1172804 


400)10889.2416 
42. n arſe 


Ex. 2. The axis of an oblate ſpheroid being 50 and 30, re- 
quired the content of the ſegment, its height being 6, and its 

baſe parallel to the revolving axis. An. 4084. o). 

Ex. 3. Required the ſolid content of the ſegment of a pro- 


late ſpheroid, the height being 5, and the fixed axis 50, and 
the revolving axis 30. An. 659.736. 
Ex. 4. Required the content of the ſegment of an oblate 
ſpheroid, whoſe height i is 5, the axis 50 and 30, its baſe being 
perpendicular to the revolving axis. 


1832. 6000 


Then, 


One SECTIONS. „ 

Then, as 503 30 :: 1632.600 

$)5497-8000 
| 1099.56 | 


Ex. g. Required the content of the ſoginiitt « of the prolate 
ſpheroid, the fixed axis 50, the revolving 30, and the height 6, 


its baſe being n to the revolving axis. 
| ** 2450-418, 


PROBLEM XXI. 
To find the content of the middle fruſtum of a ſphereid. 
RULE. | 
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When the ends are circular, or parallel] to the revolving axis, 

To double the ſquare of the middle diameter, add the ſquare 
bf the diameter of one end, multiply this ſum by the length of 
the fruſtum, and this product again by .2618 for the ſolidity. 

When the ends are elliptical, or perpendicular to the xevol- 
ving axis. 

To double the product of the tranſverſe and conjugate dia- 
meters of the middle ſection, add the product of the tranſverſe 
and conjugate of one end, multiply the ſum by the length of 
the fruſtum, and the product again by .2618 for the content. 
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EXAMPLE * 


Required FR. ſolidity of the middle fruſtum of al tohevoid; 


the greater diameter being 50, thoſe of the ends 40, and length 
18. 
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Ex. 2. Required the ſolidity of the middle fruſtum of a ſphe- 
roid, the greateſt diameter being 60, thoſe of the ends 36, and 
the n 8 e Asa. ao. 224 


Ex. 3 Required the ſolidity of the middle fruſtum of an Us 
late wheroid, the diameters of each end 20, and middle 25, 
and the length 9. ; 2 3 N Anf. 3887. 73 


Ex. 4. Required che content of the middle fruſtum of an cb 
late ſpheroid, the axis of the middle ellipſe are 50 ow 30 wad 
thoſe of the ends 30 and 185 "Os 40. | 
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Ex. 5. Required the ſolidity of the middle „ of : an "A 
hte ſpherotd, the axis of the middle MD are 25 and 15, and 


thoſe of the ends 15 and 9, height 20. Anſ. 4633.86. 
Ex, 6. Required the ſolidity of the middle fruſtum of a 


ſpheroid, the axis of the middle ſection being 100 and 60, thoſe | 
of the ends 80 > and 48, the length 36. | An. 149288.832. 


e PROBLEM XXII. 
To find the folidity of an elliptical ſpindle. 
RULE. 


1. From 3 times the ſquare of the middle diameter ſubtract 
4 times the ſquare of the diameter between · the middle and end; 
and from 4 times this laſt diameter ſubtract 3 times the middle 
* then 8 the former difference by the latter, and 2 


Ann! the 


$56 CONIC SECTIONS, 


the refvult will be the central diſtance, or diſtance bet wee 
the centre of the ſpindle and centre of the generating elle. | 

2. Then find the axis of the ellipſe by problem 5 and 6, and 

the area of the ſegment which 9 the pode by prob. 
lem 8. 

3. Divide 3 times that area by the length of the ſpindle, 
from the quotient ſubtract the greateſt diameter, and multiply. 
the remainder by 4 times the central diſtance. 

4. Subtract this product from the ſquare of the greateſt dia. 
meter, and multiply the remainder by the length of the ſpindle, 
and that * again, by .5236 for the ogg | 


EXAMPLE 1. 


Required the ſolidity of the elliptic ſpindle ACBD, the length 
| AB being 40, the greateſt diameter CD 525 and the diameter 
CF at + the length, 9.49546. | 


1. To find the central diſtance. and axis of the ellipſe. 


4 times EF=37.98184 3 times CD2=432. 0000. 
3 times CD 36 00008; 4 times EF? 360.6546, 
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3. To find the ſolidity of the ſpindle. 
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238 CONIC SECTIONS.” g 
Ex. 2. Required the ſolidity of an elliptic ſpindle, whoſe 
length is 40, the middle diameter 123 the diameter 7.4 the 
length . 49546. Au. 2598.56. 
Note. The following rule will ſerve for. any other ſolid, gene. 
rated by the revolution ol a conic ſectlon. 891 2 


2 1 71 7 


—ñZ— — — 


n, er 


To the ſquare of _ greateſt diameter add 4 times the ſquare 
of the diameter at 44 the length;. multiply the ſum by the 
length, and the produc _ he Fe 13 for er 1 near- 


hr. 3 e ( 
| The firſt * wrought as ers 7 


55 


3 
9-4 


5097276 due 
3798184— ; 
3 4747730 
un 8545614 


90.16376061 16 
r 


360. 6550424464 _ 
144 „ wii / 


ssc see. 
ts ; — 1.4 


20186. 2016978560 5 
55. 13, 


Penn ans FR 
201862010978560 | 


15 44. 2624.206227 21280 nearly. by 
” . | . Ex. 


CON SECTIONS. 


Ex. 2. Required the ſolidity of the elliptic ſpindle, whoſe 
length is 10, the greateſt diameter 3, and the diameter at ⁊ the 


lag 2. 37386- ag © Anf. 42332 
PROBLEM XXII. 
25 * the folidity of the A fates or ſegment ef a an erte 
* , 
RULE, : 


Add * the ſquares of tlie greatel and leaſt diameters, 
and 4 times the ſquare of the diameter in the middle between 
the two; multiply the. ſum by the __ and | the product 2 
on by” 1 by for the ſolidity. | 5 


"EXAMPLE I. 


1 the wlllty of the middle f fruſlum or legwent of is 2 
ſpindle, the length being 20, greateſt diameter 16, at the ende 
12, and the intermediate diameter! 18 14% 5 


- - 


16 12 e 
Iſo, · W M ͤ 8 
95 2407110 725 
1250 | ED obo 
„ 7 
Y 210.28 
| 1 0 94 ils 1 1 
420.50 ANN 
841 : 


Arſ. 3226.60 


Ex. 2. Required the content of the ſegment of any ſpindle, 
the length being 10, the greateſt diameter 8, the leaſt 4+, and 
the middle 6. Anſ. 235.3. 

Ex. 3. Required the content of the middle fruſtum of an hy- 
perbolic ſpindle, whoſe length is 40, the greateſt diameter 16, 
thoſe at the ends 12, and that at f the length, 14+. 


"OP 645: 3: 2. 
PROBLEM XXIV. 
fad the ſolidity of the parabolic cond. 


RULE. 


Multiply the ſquare of the baſe diameter by .3927, and the 
product again by the height, for the. ſolidity. Or, 

Multiply the area of the baſe by + the altitude, and the pro- 
. will give the ſolidity. | ” 


EXAMPLE I. 


Required che ſolidity of the parabolic conoid, whoſe height 


Is 30, and the diameter of its baſe 20, 
26 
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30 „ 

20 Nö 

400 | 5 | 314. 1600 

EF ER 

157.0800 5 13570800 

5 30 | 31416000 
4712. 4000 Anſ. 7 4712.4000 Anf. as before; 


Ex. 2. Required the ſolidity of the parabolic conoid, whoſe 
e is 21, and the diamieter of its baſe 12. | 
As 1187.5248. 
Ex. 3. Required the ſolidity of a paraboloid, whoſe height is 


zo, and baſe diameter 40. Arſe 18849. 6. 
N. B. The paraboloid conoid is = its circ amſcribing cylins 
der: 


To find the ſelidity of the fruſtum of a paraboleid. 


RULE. 

Multiply the ſum of the ſquares af che diameters of the two 
ends by . 7854, and this product by + the altitude for the foli- 
dity. . on | 


EXAMPLE, I. 


Required the content of the e of a oaraboliold; * 
. —— "__ Zo, the leaft 24, and the altitude 18. 


Ii | _ 30 
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30? o 
24 257⁰ 


1476 
7854 


5904 
7380 
11808 


10332 


1159. 250 
. * 


2. _—— 


10433-2530 


Ex. 2. Required the ſolidity of the fruſtum of a paraboloid, 
the diameter of the greater end being 60, of the leſs 48, and 
Aength 18. | | Anſ. 41733-0144. 
Ex. 3. Required the ſolidity of the fruſtum of a parabolic 
coonoid, whoſe diameters are 58 and 30, and the height 36. 
Anſ. 60281.0208. 


PROBLEM XXVI. 
To find the folidity of a parabolic ſpindle. 
"RULE. 


Multiply the ſquare of the middle diameter by . 78 54, and 
the product: by the length, and r, the laſt product, will be the 
ſolidity. 

Note. The parabolic n is equal to , the circumſerib- 
ing 1 


EXAMPLE I. | 


Required the ſolidity of a parabolic l rr length i: 
18, and middle diameter 6. \ : 


2261952 
282744 


508.9392 


——— — — 


30 


— . 


15)4071-5136(271.43424 Anf 


( 
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Or rather : 
+7854 


47124 
23502 
28.2744 

18 


2261952 
282744 


'3)508-9392 


'53 


2544696 


1696464 


243 


271-43424 450 


Ex. 
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Ex. 2. Required the ſolidity of 2 parabolic ſpindle, whoſe 


Jenged i is 40, and middle diameter 10. Anf. 1675.32. 

Ex. 3. Required the ſolidity of a parabolic ſpindle, whoſe 

length is 106, and middle diameter ro. Anſ. 16755. a. 
N | PROBLEM XXvn. 


* 


To And: the Ly of the middle fruftum of a paralolic uud. 
RULE. 


Add into one fur 8 times the ſquare of the greateſt diameter, 

3 times the ſquare of the leaſt diameter, and 4 times the product 

of the two diameters ; multiply the ſum by the length of the 
W and the again by . og 236 for che ſolidity. 


EXAMPLE I. 50S 


Required the ſolidity of the middle fruſtum of a parabolic 


0 ſpindle, the length * 20, the e diameter 16, and the 
leaſt 12. 


16 =256 * 8 2048 | 
I2*=144X3= 432 
 16X12 D X4= 768 


3401.3056c oy: 
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Ex. 2. Required the ſolidity of the fruſtum of a parabolic 
ſpindle, whoſe length is 10, the diameters being 8 and 6. 
| Anſ. 425.1632. 
Ex. 3. Mequired the ſolidity of the middle fruſtum of a pa- 
rabolic ſpindle, whoſe length 1 is 30 feet, and diameter 16 and 
20. 45 Anſ. 8243-5584- 
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8 of Land is conſidered to haye been the primitive 
part of Geometry, and conſiſts of. three principal parts, viz. 
The taking of the dimenſions, and making the neceſſary obſer- 
vations on the ground ;—the laying down the ſame in a map or 
drawing on paper ax vellum ;—and the finding the content or 
area thereof. 

The inſtruments 3 uſed in e of lt; are, 
the gunter's chain, a caſe of inſtruments, a ſet of plotting ſcales, 
the theodolite, and plain table. 

The gunter's chain, whether Scots or Engliſh, is divided in- 
to 100 links. The Engliſh chain is 66 feet, and the Scots 74; 
_ conſequently a link of the Engliſh chain is 7.92 inches, and 
that of the Scots 8.88 inches : likewiſe the Engliſh chain is di- 
vided into 4 poles or perches, each 164 feet, and the Scots 
chain into 4 falls, each 184 feet. 10 ſquare chains are 1 acre, 
either Scots or Engliſh ; and 4 Scots acres are nearly equal to 
$ Engliſh miles. | | 
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A Fable of Scots Land Meaſure. 


8g. Unks. Feet. | 


— * — - 
. 


4@ 7x6; | 1 | Ells. | 


155 * 


e 


_— 


\ - 3 5 3 — 
5 b = — 5 . 8 = 
75 = 2 p * 9 
* es * : A N - 5 7 „ e "S 
58 3 — 2 


| [735 | "PS 1 | | 
EE 9 


, e 13690 1440 et 1 | Acre. | 


aA 


100000 00 [54760 $760 || 160 * 


— — — 


The Scats elwand is the foundation of all land- ſurveying in 
Scotland, the length of which is 37+ inches, when compared 
with the Engliſh yard. It was firſt eftabliſhed by King Da- 
vid I.; the ſtandard of which is kept in the Council Chamber 
of Edinburgh. 


A Table of Engliſh Land Meaſure. 


| Sq links. © Feet 
. I Yards 
12-2 lod 3 
20 2 9 11 
„ 1 2922 | 202 | „ 
2825 28 Pat; * 
| 25000 1080 1210 | 40 | x” | Acre. 
1 BANE 3 | 
— f 5 2 * r 53a 7 
too 4356 4640 | 160 « +4 -: 
— 1— — — — 


Writers 


SURVEYING. _ 


Writers on this ſubject are generally very prolix in deſeribing 
the method in which ſurveyors take dimenſions, uſe their in- 
ſtruments, & c. But it muſt be confeſſed, that the practice of 
a few hours in the field is preferable to all the deſcription that 
can be given. We ſhall therefore be very brief as to this par- 
ticular, and ſhall only point out a method or two by which an 
irregular field may be meaſured, its plan e on paper, 
and its contents found. 

Let the figure ABC DEF Fig x. repreſent a geld, whole plan 
and area 1s required. 

Firſt, walk over the field, and make the neceflary remarks 
on the ground, and draw an eye-draught, or a repreſentation 
of the field, as exact as can be done by the ſight of the eye. 

Divide this draught into triangles, rectangles, or trapezias, 
as the figure of the field directs. Erect poles : at the different 
corners. ; 

Chooſe any of the corners A for your Guſt ſtation; ; provide 
yourſelf with a perſon to lead the chain, and let him have 10 
arrows or iron pins in one hand, and the end of the chain in 
the other. You take your ſtation ar A, while he advances the 
length of the chain towards B. Direct him, by waving your 
hand, to the right or left, till you find him in fo ſtraight a line 
as to intercept the view of the pole B: Then ſtretch the chain 
at full length, and let him leave one of the arrows at the far 
end, as a mark for you to go to. In the mean time let him ad- 
vance another chain- length towards B, directed to keep in a 
ſtraight line as above. At the end of the ſecond chain-lengt! 
let him ſtick another arrow, and you take up the firſt and pro- 
ceed to the next, where you are to ftand till the chain is again 
ſtretched in the direction AB, and he put down another as a 
mark; which done, you take up the ſecond, and proceed to the 
third; and fo on, till you come to B. The number of arrows 
taken up by you is the nutaber of chain-lengths; and the dis- 

| tance 
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tance between the laſt arrow nad the 1 Bi is taken in links; 

Thus, when you arrive at B, you will have 6 arrows; and there 

are 90 links over which, together with the chain-lengths, you 

are carefully to mark on the correſponding line in your eye- 

draught. In like manner, proceed to meaſure the lines BC, 

ED, DE, EF, FA, and laſtly the diagonals DB, DA, and EA. 
Or otherwiſe, 

The field may be wk thus :—Step över he ſtraight 
line DB; and where you imagine the perpendicular Cc will cut 
it, ſet up the theodolite, directing the fixed ſights in the direc- 
tion DB, and the index to C: if it cuts the limb of the inſtru- 
ment at an angle of go®, you have gueſſed right; but if it does 
not, go towards B or D till you hit the point, and there fix a 
pole. In the ſame manner, find the points b, e, in the diago- 
nal DA, and x in the ſtraight line AF. Then meaſure BD, 
Cc, DA, Ee, FA, Ex. | 

Mark down carefully on the eye-draught the ſegments into 
- which the perpendiculars cut the lines BD, DA, AF, alſo the 
length of the perpendiculars on the correſponding lines. | 

By either of theſe methods, the plan of the field may be pro- 
tracted, and its area truly caſt up as follows: —Let ABCDEF 
be an irregular figure, whoſe meafures and area are required. 


AB 690 | Ce=586 
| BC 750 | | Ee=312+ 
CD 700 | Bb 5979+ 
DE 450 | Ex 482+ 
EF 540 DC 383 
FA 745 © DB 605 
DB 850 DE 25 8 
PDA 9õo Fx 239 


When the three ſides of each tfiangte are given, the follow- 
ing method is the beſt for finding the area. The arithme- 
tical computations being e laborious. 


Firf, 


— 
£ — 


— — — — re 4) _ — 
— — — 8 a 1 — o 
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Firſt, LoGARITHMICALLY. 


For the area DEC. 
tio 1t50 1150 115023. 6090 
100 850 40 p = 2.60206 
ä 450 22.6532 
400 46% 260 300 2.47712 


— —— - — - 4 * P4 — — 
— — — — — "a D — _ 
8 „ . = 8 => 2 pe 2 2 
— ＋ 22 - —5 - = — N 2 >, -=x2 _ 
= 2 — ED — — . — => = 
E PRC "—_— r 9 


2)10. 79309 


—————̃ — 
8 
£5 — 
— T > 


8g. links 249200 = 5.39654 


For the arca DBA. 5 


1245 1245 125 1245 23. 95 16 
850 950 690 395 2. 59660 
c | 295==2.49982 
395 298 -$5$ - |» SSSR 


2)10.90587 


8g. links 283800 = 5.45293 
For DAE. 


105% 1050 1090 1050 3.02119 
950 450 700 100==2.00000 
| 600==2.77815 
loo 600 350 350=2-54407 


V. 


2)10 34341 


3q: links 148500 = F. 17170 


K * 5 "Wo 
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For the area EAF. 


992 


700 992 992 992=2.996z1 
540 700 540 745 29222. 46538 
1 — 452 22.6814 

TT. 2 452 7 247=2.39270 
2)1985 | 3 
— 2)10. 50973 
2 a COM 
8g. links 179800 = 525486 
249400 
283800 
148500 
179800 
8.61300 8.61300 
4 4 
2.45 100 2.45200 
OI. _—_ 
18.08000 | 18.08000 
La | = 
48000 | | 240000 
24000 2000 
2. 88000 2 42000 
In Scots, If the Engliſh chain, 

Au, A. N. F. Els. . 2 

ig 2 1e 


It muſt be obſcrved, that, in the above example, the dimen- 
fons are ſet down in links, (as being the beſt method) and not 
in chains and decimals of a chain, conſequently the area 13 
2 K in ſquare links, and may be reduced to acres by cutting off 


2 figurzs towards the right hand for decimals; thoſe remain- 
ing 
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ing as an integer are acres, and the reſt brought to value as a- 
bov Co 2 


When the baſes and en are W the following 


method i is to be uſed ;—_ 


For the area of DCB. | of DBA of DAE. 
DB=850 DA=9g50 DA = OO 
Ce 586 Bb 597 Ee 3122 


5100 6650 | > 
6800 8550 950 
4250 | 4750 N 2850 
— | 475 475 
2)498 100 8 


29567625 C 2929687 5 


249050 | 
283022 © 148437 


| For the area of EA Ff. 5 Now for the whole field. 


745 | 24905 
Ex 2 | 283812 
„ 148437 
1490 : | | 17973L 
5960 | 
2980 | = - 8.61030 
372 e 


2359462 | 5 2.44120 
17973! . 8 „ 

| - 17. 04800 

36 


388800 
1 f 194400 
4. 8 2 17 23. 432900 
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PROBLEM I. 
To find the area of a rectangulur field. 
RULE. 


diultiply the length by the breadth, and the product is the 


area. 8 
EXAMPLE I. 


Required the area of a rectangular field, whoſe length is 
1920 links, and perpendicular breadth 1200 links of the Scots 
chain. | 


I920 
1200 
23.04000 
4 


—— ——— 


. 16000 
40 


| 6.40000 > IM 
3 


240000 
120000 


14. 40000 


A. R. F. Elli. 
— 14 


Ex. 2. How many Scots acres ire in a field 3 500 links long 


and 1400 broad ? Anſ. 49 acres. 
Ex. 3. How many Engliſh acres are in a rectangular field 


1400 links long and 1200 broad ? Anſ. 16 ac. 3 ro. 8 p. 
5 i | 1 Ex. 


r 
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Ex. 4. Required the content of a rectangular field, the 
OR being 2000 links, breadth 1000 links of the Scots chain. 
Anſ. 20 acres. 


Ex. 5. How many acres are in a ſquare garden, whoſe ſide 
is 6 chain lengths Engliſh ? Ali. 3 ac. 2 ro. 16 p. 


PROBLEM II. 


o reduce Scots acres into Engliſh, and vice verſa. 


RULE for Engliſh acres. 


As the ſquare of 66 
Is to the ſquare of 74, 
So is any number of Scots acres 
To the number of Engliſh acres required. 


For Scots acres : 


As the ſquare of 74 
Is to the ſquare of 66, 
So is any number of Engliſh acres 
To the number of Scots acres required. 


EXAMPLE I. 


How many Engliſh acres are in 14 acres, 3 roods Scots ? 


6 
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5 = F l o 8 E elle oo 32 
z 8 * f > 1 A : 
OE — — 
1 80 54 


— — 6 
— n= 


4356 : 5476 :: 14.75 


3 1 LSE ep. 1 3 


4356) 80 771.00(18 acres. 
_— 
37211 
34848 
2363 
3 
435609452 
8712 
740 
40 


4356)29600 
26136 


346 
40 
123920 ; 
8066 
4356) 104786024 
| „ 


teen 
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Ex. 2. How many Scots acres are in 17 acres 3 roods Eng- 


ih? "6 Anſ. 14 ac. © ro. 19 falls 4 ells. 
Ex. 3. How many Engliſh acres are in 400 Scots? 
Anſ. 50% ac. 3 ro. 19 p. 29 yds. 
PROBLEM 111. 


To find the ara of a triangular field. 


If the baſe and perpendicular are given, workby Problem 5. 


of ſurfaces ; if the three ſides are given, by Prob. 7.; and if the 
two ſides and the angle contained be given, by Prob. 6. 


EXAMPLE I. 


| How many acres are in a triangular field whoſe three ſides 
are 3600, 7o0c, 4200 links of the Engliſh chain? 


5600 
7000. 
420 


1 8400 8400 8400 8400 23. 92428 
2716800 5600 7000 42C0 2800=3.44716 
—U— — 3 1400 3. 14613 

8400 2800 1400 4200 4200=3.62325 


2)14-14082 


Sq. links 11760000 7. 


117. 6 
4 


2. 40000 
40 


1600099 


AM 
Anſ. 117 2 16 


Ex. 
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Ex. 2 2. Required the area of a — 3 whoſe fide 
is Go, and the perpendicular falling upon it, from the oppo - 


ow bay 756 * the Scots chain. 


— 


756 
600 


% I 


— ——.— * 


2.26800 


* 
. | 


Ex. 3. How many acres are in a triangular field, whoſe two 


ſides are 4900, and 1700 links of the Engliſh chain, and the 
e Fozaines between * 48⁰ 7 


1900 
3 
13300 


2)3 230000 


— 


50 1615000 


As 
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As radius s : 90 10. ooo 
Is to fine 48" 13“ 9.87255 
So is the produdt of the containing gdes 3230000 6.70920 
To twice the area 2408 500 . 
Wbereof the half is 12.042980 - 
4 


1700; 
40 

6. 80000 

2 


% 


20000 
24. 200 / 4. R. P. Yar 
An. 12 0 6 24 


Ex. 4. Required the area of a triangular field, whoſe three 
ſidos are * 1000 800 links of the Scots chain. 
Anſ. 2 ac. 1 ro. 24 falls. 
Ex. 5. How: many acres are in a triangular field, whoſe baſe 
is 1900 links, and e 1500 links of the Engliſh 
chain? . Anſ. 14 ac. 1 ro. 
Ex. 6. Required the area of a triangular field, whereof one 
of the angles is 54*, and containing ſides 1400 and 1500 links 
of the Scots chain. An. 8 ac. 1 ro. 39 f. 7 els. 


PROBLEM IV. 


ne the area © of o field in the fared of a trapezoid. See Prob- 
lem 8. of ſurfaces. 


=O. 


Required the area of a trapozoid, whoſe parallel fides are 
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3000 and 1 500 links of the Scots chain, and perpendieuta dif. 
tance 1200 links. 


Anſ. 27 acres. 


Ex. 2. Required the area of a field in the form of a trapo- 
Zoid, its parallel ſides being 1260 and 1500 links, and perpen- 
dicular breadth 1000 links of the Engliſh chain. 

Anſ. 13 ac. 3 ro. & poles. 

Ex. 3. How many acres are in a field in the form of a trapo- 
zoid, its parallel ſides being 1000 and 1200 links, and perpen- 
dicular breadth 650 links of the Scots chain ? 


** 7 AC. o ro. 24 « Falls 


PROBLEM V. 
To meaſure off-ſets. Fig. 2. 


In actual ſurveying, it often happens that a field is bounded 
by a river, a crooked hedge, &c. in which caſe it will be ne- 
ceſſary to obſerve the following direCtions :—Let A bcdef 
_ repreſent a river or hedge. From A, in the direction of the ri- 
ver, meaſure the ſtraight line AB. In doing of which, obſerve 
the bendings of the hedge; from thence meaſure the off-ſers 
perpendicular upon the ſtraight line AB, and note them down | 
on the eye-draught, or record them in a field-book. 

When the off. ſets are ſmall, meaſure them with an off. ſet 
. ſtaff 
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ſtaff of 10 3 but ** they are large, the chain: 1s: more 


. 


Let Ag 300 
Ah 400 


Ai 450 


Ak 500 
Am 620 
Ab 750 


gb 130 
ch 160 


di 162 


ek 100 
fm 78 


UNere the figure is divided into triangles and trapezoids. The 
moſt accurate method to find the area, is, to compute the area 
of each ſeparately by the rule for their proper form, and the 
ſum of theſe will be the area 17 05 the whole. | 


* 300 


bg roch bg 290 


2)3990 


Apb 19500 


2)29000| 


gh 1000 


14500| 


19500 


14500 


8050 


6550 
10680 


5070 
Anſ. 64350 Fs 


Thus, 
ik n 120 | m 130 
di+ch 262 178 78 
2) 1 700001360 1040 
„ 010 
65 50 10680 — 
210140 

5090 
4. Reis W 

„% 2, ͤ 1.29 


Vogt ſuch a figure as s that above is computed by find- 
ing a mean breadth, and reckoning the product of the mean 
breadth into the whole length of the ſtation- line AB for the a- 


rea. Thus, add all the off-ſet lines into one ſum, and divide it 


LI 2 


by 


by their number, reckoning 1 for each time the irregular boun- 

dary meets the ſtation-line, as at A and B; the quot gives the 

mean breadth, which, _ * into the * produ- 
ces the area. 


However expeditious this method may be conſidered, it is 
always falſe, except in the caſe when the off-ſets are equi. diſ- 
tant from each other, as may be ſeen from the following com- 
putation of the above figure. 


130 750 1 K N 12. 


160 5 30 Falſe content o 2 28 © 
162 3 — True ditto o 2 22 29 
100 67500 „ — — 
PR; T— ene tu 
77630 2.70000 
99 ä 
28. 00000 
PROBLEM VI. 


To * the area fs an irregular feld. Fig. 3. 


RULE. 


Compute the areas of the figures into which the field is divi! 
ded, whether triangles or trapeziums, &c. by the rules proper 
for the ſeveral figures; add the ſeveral reſults . and the 
ſum will give the content. 


Let AB=820 
 BC=434 
CD=860 
DE=400 
EA=530 


Ee=355 
 Bb=360 
Ex = OO 


EC=650 


When the irregularities of the boundaries of a field are nu- 
merous, it may not be improper to recommend a field-book, in 
which the ſeveral meaſures are to be recorded, to prevent con- 
fuſion» But when the field is not very irregular, all the mea- 
ſures may, with equal advantage, be marked upon an eye- 
draught of the field, each againſt the correſponding parts of the 
figure. And either of theſe methods may be practiſed, whether 
the ſurvey be large or ſmall. 

Ihere is no particular form for the field- book; every one 
rules and contrives as he judges moſt proper for himſelf; but, 
to avoid perplexity, the ſimpleſt form is the beſt. The follow- 
ing is a ſpecimen of a method generally practiſed. It is divi- 
ded into three columns; in the middle is marked the ſtations, 
bearing, and diſtances meaſured. On the right hand, the off- 
ſets are marked againſt their correſponding diſtanees in the 
middle column, together with ſuch other remarks as occur in 
meaſuring, ſuch as houſes, hedges, ponds, roads, &c. In the 
left hand column are marked the inlets againſt their correſpond- 
ing diſtances in the middle column, and remarks, as above. 
N. B. The inlets are perpendiculars dropt from ſuch irregu- 
larities as fall within the ſtation-line. The area of which is 
to be ſubtracted from the general content of the field. | 5 


The meaſures of the 5 * may be arranged it in a 
field- book as follows :— 


Tas 
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Inlets and arts. 


Station, | 
Bearing, Diſtances. 


— — ——— 


Off-fets and Remarks. 


62 


STATION I. 


100 | | | 


680 
700 
820 


STATION II. 
2 
22060 | 

280 
432 


— — 


— — 


| 
| 


—— 


STATION III. 


100 | 


0 


srarion V. : 


0 47 


50 | 


"RIO 


TIER 2 


170 
250 
340 
330 
440 


530 


53 


58 
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The desde diſtances, off ſets, &c. ooßht to be recorded in 
the field-book immediately when taken, otherwiſe material 
miſtakes may be committed. The field-book may be made up 
thus : Suppoſe A the firſt ſtation, and AB the firſt line meaſured. 
In the middle column mark .1 for the firſt ſtation ; next find 
by the theodolite the quantity of the angle BAE, which inſert 
in the middle column. Then write a cypher below to denote 
the ſtation, and another in the right hand column to ſignify that 
at the ſtation A there is no off-ſet; and at the diſtance of 100 
links from A, in the direction AB, is an off-ſet of 40 links. 
Regiſter the diſtance 100 in the middle column; and againſt 
this diſtance, in the middle column, write the off. ſet 40 in the 
right hand column. Again, at the diſtance of 135 links from 
A, in the direction AB, is an off-ſet of 60 links; mark the diſ- 
tance 135 in the middle column; and right oppoſite to 135 in 
the middle column, write the off-ſet 60 in the right hand co- 
lumn. At the diſtance of. 470 from A, in the direction AB, 
the crooked boundary touches the ſtation-line AB; in which 
caſe the diſtance 470 is marked in the middle column, and a 
cypher in the right hand column, there being no off-ſet. At 
the diſtance 680 from A, the irregular boundary again deviates 
from the ſtation-line AB. The diſtance 680 is marked in the 
middle column, and the cypher at the right-hand fide, as above. 
At the diſtance of 700 links from A, is an off-ſet of 30 links; 
mark theſe as above. La/ily, Mark the whele length of the 
line AB 850, then draw a ſtroke, In like manner mark B. 2, 
alſo the angle ABC; and proceed to meaſure BC as above ; 
and fo on, till all the boundaries are meaſured. 

If, in planning the field, the direction EA does not paſs 
through the point A with the meaſured diſtance EA, ſome er- 
ror has been committed, and the work muſt be reviſed over a- 
gain. It may fave much trouble to know whether the miſtake 
has ariſen from the angles or from the diſtances : If the angles 
are right, the diſtances alone are to be meaſured. | 


To 
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To know if the angles have been accurately taken, add all 
the inward angles into one ſum ; and when the work is right, 
their ſum is equal to twice as many right angles as the figure has 
ſides, wanting 4 right angles, (Euclid 31. 1. Cor. 1.) Or, in- 
ſtead of the inward angles, their ſupplements may be added in- 
to one ſum; and if it is equal to 360?, the angles have been ta- 
ken right, (Euclid 31. 1. Cor. 2.) becauſe all the exterior angles 
of any rectilineal figure are together equal to 4 right angles. 

Few directions for planning may ſerve for any one who has 
ſtudied and underſtands the uſe of his inſtruments. It may, 
indeed, be neceſſary to mention, that all plans of ſurveys ought 
to be laid down ſo, as the north fide may ly towards the top of 
the paper, the eaſt towards the right hand ſide, the weſt to the 
left, and the ſouth to the bottom. Likewiſe it is cuſtomary to 
draw a meridian line, with a flower-de-luce directed to the top 

of the map or plan, to point out the north. 

When the plan of riſing- ground is to be made out, the hy- 
pothenuſal lines muſt be reduced to a level, otherwiſe the plan 
will be diſtorted; and when a mountain is to be repreſented on 
a plan, the baſe only is taken ; and in computing its content, 
as well as in planning it, this ſhould be conſidered, that the 
baſe of the mountain will contain as many growing trees as its 
ſurface *—We ſhall ſubjoin a table for making the neceſſa- 
ry deduCtions to reduce hypothenuſal lines to a level; and 
theſe allowances may be made immediately when meaſured, 
before the meaſures are recorded in the held-book, or when 
the plan is to be protracted. | 
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* 'This may appear a paradox to ſome, who perhaps never 
obſerved, that trees grow perpendicular to the horizon, or 
parallel to each other. 
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In the foregoing table, we have the allowance to be made 
for every chain-length, from 1* to 45% To reduce an inclined 
field to a level, let it be required to find the deduction on 10 
chain-lengths, upon a declivity of 24. Againſt 245 in the co- 
lumn of degrees, we have 8 in the column of deductions; that 
is, 92 links on the level, which, multiplied by 10, gives 920 
links; and ſo on of the 8 


* t Hanes . 


n 


erbe, nr 
18 — P q 


n 


4 The raighteſt line that can be meaſured by the chain 1s, for 
. various reaſons, longer than the true quantity. All decimals of 
f 4 links ſhould, therefore, be neglected; and, indeed, a moderate and 
4 judicious allowance ſhould be made on integers themſelves, en. 
b 1 cept when the ground is ſmooth and plain. 
. The area of the above ſigure is computed as follows: Fig. 3. 
4 Tor the triangle ABE. | For the triangle BEC. 
. 820 | ; 650 : 
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To find the off-ſcts on the firſt ſtation-line AB. 
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To find the area of the off. ſets on the ſecond line BC. 
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To fad the area of the off-ſets on CD. 
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To find the area of the off-ſets on FA. 
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PROBLEM VI. 


Of the Pram TanLE. 


out or put in at pleaſure for the convenience of putting a ſheet 
of paper upon it. 


One fide of the frame i is divided i into degrees for the purpoſe 
of taking angles ; the other is uſually divided into equal parts, 
for drawing lines on the table, either parallel or perpendicular. 


to the fides. 


The plain table is provided with an index, either with open 


ſights, or a ſmall teleſcope : And that edge of the index, which 
is in the ſame plane with the fights, is called the fiducial edge. 


A magnetic needle and compaſs is fixed in one fide. of the 
plain table, to point out the direction. It is fixed to a ſtand of 
a convenient height, and moves upon an univerſal joint, by 


which means it will incline in any direction, and, being ſcrew- 
ed faſt in the ſocket, it will retain any ſituation given it. 


The plain table is one of the moſt expeditious inſtruments 


ſurreyors uſs; for no ſooner are the different angles taken, and 


the 


* 
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The plain table conſiſts of a plain rectangular board of any 
convenient ſize, fitted in a frame of wood, ſo as it can be taken 
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the diſtances marked on the plain table, than a plan of the field 
is obtained: and this may be done by taking a ſtation within 
the field, or by chooſing one of the corners for a a ſtation, or o- 


therwiſe by going round the field. 


. Ho in at 


I. By taking a ſtation within the held— 


Let ABCDE, Fig. 4. be a Geld, and O an eminence within the field. 
Plant the table at O, and ſcrew it with rhe needle north. Mark 
O upon your paper, and apply the index to O, directing it to the 
corner A, till through the ſights you ſee A; then draw an ob- 
ſcure line along the fiducial edge of the index to repreſent the 
direction OA. Then turn the index, till through the ſights 
you ſee B, and draw an obſcure line from O along the fiducial 
edge of the index to repreſent the direction OB. In like man- 
ner, apply the index ſucceſſively to O, turning it round with the 
ſights to the remaining#angles C, D, E, drawing the obſcure lines 
OC, OD, OE; then with the chain meaſure the ſtraight lines 
OA, OB, OC, OD, OE, and mark the reſults upon the corre- 
ſponding lines on the table. Join their extremities AB, BC, 
CD, DE, EA, and the thing i is done. : 
When the plain table has degrees marked on it, the quantity 
of the angles may be marked immediately when taken ; other- 
wiſe they may afterwards be meaſured from a line of chords oz 
protractors—and the area found, as taught above. 

2. When from one of the angles all the reſt may be ſeen, let 
the point A be an angle from whence the reſt may be ſeen; 
there fix the ſtation. Turn the table till the middle point to 
the flower-de-luce ; ſcrew your inſtrument faſt ; then turn the 
index till through the fights you ſee the corner B, and draw an 
obſcure line along the fiducial edge of the index, to repreſent 
the direction AB: again turn the index, till through the ſights 
ſucceſſively you ſee the corners C, D, E, and to each of theſe 
draw obſcure lines : Then with the chain meaſure the lines 
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AB, AC, AD, and note them down on the paper from a ſcale 


of equal parts, each againſt the correſponding line on the 
ground. Join their extremities, and the thing is done. By 
this method alſo the angles may be found, and the area compu- 
ted, as above. ' | 


3d, By going round the field, 


When woods, waters, or other interruptions happen to be in the. 
way, a ſield may be maeſured by taking all the angles and ſides in 
their order : Thus, begin at A, after having fixed your inſtru- 
ment, the needle pointing to the flower-de-luce, turn the index 
till through the fights you ſee the corners E, B, and along theſe 


directions draw obſcure lines, meeting at A. Meaſure theſe ' 


lines AE, AB. and note them down from a ſcale of equal parts. 


Then remove your inſtrument from A to B; there fix it again, 


and turn the table about till through the fights, along the 
ſtraight line AB, you ſee the point A. In this poſition, alfo, 
the needle will, of itſelf, point to the flower-de-luce. Here 


turn about the index till through the fights you fee the corner 


C; meaſure it, and mark it down from a ſcale of equal parts 
upon the obſcure line drawn in the direction BC. Again carry 
the inſtrument to C, there fix it again, and lay the index from 
C along the ſtraight line DC, and ſcrew the table faſt : obſerve 
if the needle point to the flower- de- luce; turn the index about 
to D, and draw the obſcure line CD; meaſure it and mark it 
down from the ſame ſcale of equal parts. In the ſame manner 
find the remaining ſides and angles till you end at the firſt ſta- 
tion, and it is done. 
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PROBLEM VIII. 


. ſurvey a field by the theodalites 


I. From a point within the field— 


Place the theodolite at O, { Fig. laff Prob. and turn it about 
fill the ſixed fights point to any object, as A; ſcrew the inſtru- 
ment faſt, and turn about the moveable index till through the 
moveable fights you ſee B, and note the degrees cut on the limb 
of the inſtrument in a field-book, or rather on an eye-draught, 
then turn the index in the directions C, D, E, and record the 
angles as above. Then meaſure the lines OA, OB, OC, OD, 
OE, and it is done. 


. 


2d; From one of the angles. 


Chooſe any angle for a ſtation, from whence all the other 
angles may be ſeen. Suppoſe angle A, as in Fg. Prob. 7. Find 
the number of degrees in the angles BAC, CAD, DAE, and 
mark them down upon the eye-draught, each againſt the cor- 
reſponding parts of the field; then meaſure the ſtraight lines 
AB, AC; AD, AE; mark theſe upon the eye-draught ; ſo the 
plan may be made out, and the area found, as ſhewn above. 


PROBLEM IX. 
20 2 a feld by t FATE . 


By this method, grounds may be planned and ſurveyed with- 
out entering upon them. This is performed by chooſing two 
ſtations, either within or without the field, from whence all the 

angles, ponds, houſes, croſs-hedges, roads, rivers, & c. &c- maß 
be ſeen. Either the theodolite or plain table may be uſed. 
| Let 
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Let ABCDEF be a field whoſe plan is required, and let the 
points 1. 2. be eminences, from which a ſufficient view of the 
field 18 obtained. Firſt, Place the inſtrument at 1, and take the 
angles AIB, BIC, CID, DIE, EIF, FIA, and draw lines in the 
ſereral directions of theſe angles, and any other remarkable ob- 
ject. Then meaſure the diſtance from 1 to 2, and place your 
3 at 2; thence drawing lines in the directions of all 
the angles, and of ſuch other objects as have been noted from 
the former ſtation. Then theſe obſervations being planned, the 
interſection of the lines will point out the ſeveral corners and 
objects required. 

When two ſtations are not ſufficient, three or more may be 
choſen, as the ſurveyor ſhall ſee cauſe, meaſuring the diſtance 
between each ſtation. And the interſections of the lines point 
out the objects, with their proper places on the plan. By this 
method very extenſive ſurveys may be taken. 


ec ith 


O DIVIDING, OR LAYING OUT GROUND. 
PROBLEM T. 
To lay out reangular ground. ; : 
- RULE 


Divide rhe given area by the given Ge and the quotient will 
be the fide required. 


EXAMPLE. I. 


What length of a rectangular field, whoſe breadth is 400 
links, will make 3 acres 2 roods ? 


400)3-50000 
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. A What length of a ridge, 8 ells broad, will make 15 


falls? Anſ. 674 ells. 
Ex. 3. What length of a ridges 40 feet feet broad, will make 
3 roods of land? Anſ. 8163 feet. 


Ex. 4. A field contains 32 acres 3 roods Scots, the breadth 
being 5 10 links, required the length. Anſ. 6422 links nearly. 
Ex, 5. The length of a rectangular field, being 6575 links, 

required its breadth to contain 328 acres 3 roods. 
Anſ. 5000 links. 
Ex. 6. A Were field of 15 acres 2 roods 20 poles: It is re- 
| quired to find the length of its ſide. Anſ. 1250 links, 
Ex. 7. Required the fide of a ſquare field in yards, whoſe 
content is 3o Engliſh acres. Anſ. 831 nearly. 
Ex. 8. What length of a rectangular field will make 25 Eng- 
liſh acres, the breadth being 1934 yards? Anſ. 625 yards. 


PROBLEM II. 
To lay out a triangular field. 
RULE I. 


When the baſe is given, to find the „ Divide 
the area by the baſe, and twice the quotient will ve the pet- 

2.dicular. 

RuLE 2. When the 8 is given, to find the baſe: 
Divide the area by twice the . and the quotient is 
the baſe. h 

RULE 3. When any part of a given de is to be cut of 
by a line parallel to one cf the ſides, it muſt be remembered 
that ſimilar ſurſaces are to one another as the ſquares of their 
correſponding ſides; and wee verſa. 


EXAMPLE 
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EXAMPLE I. 
Required the perpendicular breadth of a triangular field, the 


baſe n 5 20 links, and content ꝙ acres. 


5 20)9.00000)1 7302 
$20 2 


3800 346177 links. 
3640 y 


1600 
1560 


40a 


Ex. 2. A triangular field of 630 acres is to be divided equal- 
ly between two farmers; the baſe meaſures 6000 links, and 
the march is to be drawn parallel to the baſe ; required how 
much of the perpendicular wil fall to cach. 


- 


6.0060)630c0.000 
10500 
332 


— 


21000 the whole perpendicular, 


Nn2 | | 2 
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2 


320: 160 : : 21c00 


Or rather 2: 1 : : 441000000 
I 


2)441000000_ 


220500000(148349 
I Rs 


240120 

288) 2450 
2304 
2964) 14600 
11856 


29689) 2 74.400 
1 . 


= 5 3 
1 . perpendicular _ 21000 links. 
| One of the farmer's ſhare is 14849 links. 


Conſequently the other's ſhare is 6151 links. 


Note. The greater part of the perpendicular will fall to hin 
whoſe diviſion lies towards the vertex. 


Kh: 3. Suppoſe a field in the form of a 8 triangle 
whoſe baſe is 2500, and perpendicular 3000 links of the Engliſh 
chain, and that a hedge is planted parallel to the perpendicu- 
lar, cutting off 20 acres, required the expence of 3 the 
hedge, at 18. 6d. per yard. Anſi 36l. 38. 0 

Ex. 4. How long is the baſe of a field of 35 acres 3 mw 
20 poles, the perpendicular being 3550 links ? 
* 2021 75 ZOE 


PROBLEM 


SURVEYING =” man7- 
PROBLEM It | 
To lay out a given area from 6 rrregular field. 
EXAMPLE I. 


Leet it be PSY} to cut off 17 acres © townndy the 1 ſide 
of the Irregular field ABCD. Fig. 4. 


" 
THE Win 
Inlets. Stations I Off,: fets. | 
| and Diſtances. | Rl 
— EE ——————— — -_unw— 
. 1. A. 
0 0 
| 80 40 
r 0 ] 42 
| | 1 18% 130 
| 240 1 40 
TEE -. | 60 
360 | 38 
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| i. 3 i 
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1 2 hs 
16 200 
1 230 | 
300 "M8 
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40 42 qc}. - 40] - 6 38 12 


— — — — — — ® 


80 40 42 2 400 60 38 
0 


2)3200 82 1 100! 980 50 
80 20]. 6 © 900 110 


1600 | | 
2)65602 1440[2)4200 2)3000 2)8820 2)5 500 


— — ꝗ—ä2ẽ— —— — —— 


— — — | — ___ 


a . % 


328 | 720) 21004 1500 4410 2750 


1600 Now an acre is f | 100000 ſq. links. 
3280 = np | | | | 
720 Whereof the = is | 50000 
2190 | 
1500 Equal to 12 acres, I 50000 
4410 RY 
2750  SubtraCt the olk-ſets on AB, 16360 
16360 ſq links. There remains 133640 
N o by erage . 
470) 1336400284 badly or Bx 
940 
3964 
3760 
2040 
1380 
160 


Ex. 2. It is required to lay off 2 roods towards the ſouth ſide 


of the fame field, and to know how far up the lines AC, BD, 


the march line mult be ſtruck, Anſi 923}, links. 


GUNNERY. 


| | 0 | | 
1 > *2 £ - ? | - 
Y Ac ——— 
9 8 9 . 
- 


| S - + 


" td. 4 wy ” 


6 is the art of charging, directing, and exploding 


fire-arms, ſuch as cannons, mortars, &c. to the beſt advantage. 
To this art belongs the knowledge of the force of gunpowder, 
the dimenſions of cannon, the proportion of powder and ball 
they carry. 


From experiment and chr alone the hiſtory of nature. 


can be collected, or her phenomena deſcribed. By the princi- 
ples of geometry and mechanics we are enabled to carry on the 
analyſis from the phenomena to the powers or cauſes that pro- 
duce them. | 
The ſame power hich renders bodies heavy when at reſt, ac- 
celerates their motion when they deſcend in the direction of 
their gravity z and, if projected in any othet direction, bends 
their motion into a curve line, which, from its properties and 
flexure, is known to be a parabola: For every body, projected 
into the air, moves under the influence of two diſtinct forces, 
viz. its projectile force, and that of gravity. By the firſt, it is 
carried forward with an equal motion, and deſcribes equal ſpa- 
ces in equal times. By the latter, it is drawn downwards in 
lines perpendicular to the horizon, with a motion inceſſantly ac- 


celerated. If either of theſe forces were deſtroyed, the body 


would move for ever in the direction of the remaining force a- 
lone, (if its motion was not hindered by the interpoſition of o- 
ther bodies z) but, as both continue to act, the courſe of a pro- 
jectile mult be determined by a Pon compounded of theſe 


two forces. 
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= 1 GCUNNERY. 
Dezturroous: | 


1. The impetus of a piece is the perpendicular height to 
which it would ſhoot a ball with its ordinary charge of powder; 
or the height from which it muſt fall perpendicularly to acquire 
the velocity with which it was projected. Thus, BA is the 
impetus. Fig. I. — 5 

2. The diameter, or axis to any point of the curve, is a line 
drawn from that point perpendicular to the horizon. Thus, 

HQ is the diameter to the point H. 
3 . The point H is called the vertex. 

4. The ordinates to any diameter are lines drawn parallel to 
the tangent, where the diameter cuts the curve. Thus GK 
is an ordinate to the axis HQ. | 

5. The abſciſs is that part of the diameter intercepted be- 
tween the ordinate and the curve. Thus, HQ is an abſciſs of 
the diameter HF. = 

6. The altitude of the curve is the perpendicular height of 
the vertex above the horizontal plane. Thus, HQ is the alti- | 
tude of the curve AHK. | | 

7. The amplitude is the diſtance between the object aimed 
at and the piece, and is ſometimes called the random, or range. 
Thus, AE is the amplitude of the curve ABK. | 

8. The elevation of the piece is the angle its direction makes 
with the horizontal plane. 

9. The inclination of a plane is the angle it . with the 
horizon, and is either elevated or deprefled. 

10. The directrix is a line parallel to the horizon, and whoſe 
diſtance from the horizon is the impetus. 

N. B. The vertex is equidiſtant from the directrix and focus. 

The focus may be found by various methods. "Theſe ler. 
ing are molt commonly uſed. 


PROBLEM. 


PROBLEM. Fig. 1: 
To deſcribe the path of a projectile. 


Draw AL the horizontal plane, and, from a ſcale of equal 
parts, lay off the amplitude AK, and through the point A erect 
a perpendicular AB equal to the impetus taken from the ſame 
ſcale; through B draw the directrix parallel to AK; then 
biſect AK in Q, and draw QN at right angles to AK; upon 
A, as centre with the diſtance AB, deſcribe the ſemicircle 
BFFR, and the point F is the focus. Or, 

If the direction AD is given, upon AB, as diameter, deſcribe 
a ſemicircle BDA; and through the point of interſection D 
draw BD, and produce it to F; ſo ſhall BD and DF be equal, 
and F will be the focus. Or, | 

Through the point D draw PD parallel to the horizon then 
ſhall PD=DH, and, NH=HF, and H will be the vertex. 

Cor. 4. times PD is equal to the amplitude. 

Then proceed as ſhewn in Prob. . conic ſectiont. 


| PROBLEM 1. 


The ingetur f a piece at the angle of elevation being given, 1 fi ad. 
the — 


EXAMpLE I. 


How far will a cannon, whoſe impetus is 1200 feet, carry, 

| at an chene of zo" 7 

Gemetrcath | 3 
Let AB repreſent the 1 impetus of the piece, or the velocity a 

heavy body. would acquire in falling from B to A. Through 


the point A draw the horizontal line AL, and make the angle 
| Os LAM 
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LAM equal to the angle of elevation. From the centie A, 


with the radius AB, deſcribe the ſemicircle BFOf R; its cir. 


cumference ſhall be the locus of the foci of all the parabolas 
that can be deſcribed by a projectile thrown from A, with the 
velocity it could acquire in falling from B to A; for, by 
known property of the parabola, the diſtance of the focus from 
A is always equal to one-fourth of the parameter of the diame. 
ter that paſſes through A, that is, to AB; all the foci muſt, 
therefore, be found in the ſemicircle BFOFR. It will there. 


fore be eaſy to determine the parabolas, when the direction of 


the projectile is given; for if, upon the impetus AB, you de- 
ſcribe a ſemicircle BDdA, you need only join BD, and lay of 
BD equal to DF, and F will be the focus; and if through 
you draw the line QF perpendicular to the horizontal line Al, 
it ſhall be the axis; and H, the middle point between F and 
N, ſhall be the vertex of the parabola. 4x FH is the length of 
the parameter of the axis. | 

If a line HP be drawn through the point H perpendicular to 
AB, the ſtraight line BF and PH will biſect each other; allo 
AM, the line of direction, will paſs through the point of in- 
terſection in D, and biſect the line BF at right angles; and 
Serefore the ſemicircle BDd A will paſs through the ſame point 

The amplitude of any parabola is equal to four times the 
ſine, of twice the complement of the angle of elevation : PD is 
the ſine of the angle PCD, and the angle PCD is twice the an- 
gle PAD, becauſe the one is at the centre and the other at the 
circumference ; but the angle PAD is the complement of the 
angle of elevation DAK ; therefore PD is the fine of twice the 
complement of the angle of elevation; and 2PD is equal to 
PH; but 2PH is equal to AK; therefore AK is equal to 4PD. 

Hence it will follow, that when the angle of elevation be- 
comes 45*, the points F and Q ſhall fall in the point O, and 


AK becomes twice rn The fine PD is the co-ſine df 
double 


conn”. 


| double 45.5 which is the ſine of 90, or the radius; and, as the 


fine of 90? is the greateſt, we may infer, that if a body is pro- 
jected with an elevation of 45*, it will be carried farther on 
the horizontal plain, than, if projected with the ſame velo- 
city, in any other direction. 


Alſo, If of two directions the elevation if the one exceeds | 


4;* as much as the elevation of the other wants of 45, their 
amplitudes will be equal, for the angles are complements of 
each other, and the fines of double of theſe. angles muſt be e- 


qual, becauſe they are ſupplements to two right angles to one | 


another ; but the amplitudes of the parabola is always quadru- 
ple of theſe ſines, and therefore they muſt alſo be equal. 


To find thi amplitude by trigonometry. 


As radius 90 — — — BY 10.00009 

Is to twice the impetus 2400 - wo - 3.38021 

50 is ſine twice the elev. Go" „ 9.939753 

To . 2078 = Wy „ 3.31774 
EXAMPLE II. 

Let the impetus be 3600, and the angle of elevation 75%. re- 
the amplitude. | | 8 
As rang 90 F: EP — — __ T0.09000 
Isto twice the 1 impetus 7200, — 1 3.85733 

So is fine twice elev. 1 $07 O's - - 9.69297 
To amplitude 3600 =: 2 18 „ 3.5 5630 


From the preceding example, it is evident, that the impetus 


of a piece is n to the amplitude, when fired off at the ä 
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By Scale and C. ompaſſes. 


In Ex. I. Extend the compaſſes from the radius to the fine 
of 60?, the ſame extent will reach from 2400 on the line of 
numbers, to 2078, the amplitude required. 


PROBLEM II. 
T he amplitude and impetus being given, to find the Ke | 
* EXAMPLE I. 


At what elevation will a mark be hit, diſtant 5100 yards, 
the impetus being 3000? | 


As twice the impetus 8 - — 9J-7781t5; 
Is to radius 90? » = MN - _10.00000 
So is amplitude 5100 - 3 4; -70757 
To fine twice, elevation 58* 13' = — 9.0294 


Lower elevation 29 6 
Higher elevation 60 543 


Ex. 2. At what elevation will a mark be hit, diſtant 1805 
yards, the impetus being goo yards? | Anſ. 45* 
Ex. 3- At what angle will an "_ be hit, diſtant 4200 


| yards the impetus being 1 4000? 1 5 50 loweſt. 
* the 10“ highef, 


By Scale and Compaſſes 


The extent from twice the impetus on hs line of numbers 
to the amplitude, will reach from the radius on che lineof fines, 
to the ſine of double the elevation. 


PROBLEM 


CUNNERYT. th 


PROBLEM III. 
Given the amplitude and the angle of elevation, to find the impetus, 
EXAMPLE I. 


What impetus will carry a ball 3520 * at an elevation 
of zo or of 60? 


% 


As fine twice elev. 30? - 3 - 9-93753 

Is to radius 90 „„ OR = _ 10.00000 

Sois = amplitude 1760 - — - 3.24551 

To impetus 2032 = FELT =  _ 2-20708. 
By Scale and Compaſſes. 


The extent from twice the angle of elevation on the line of 
| fines, will reach from 2 As on the line of numbers, tg 
the impetus. 


= 2. The amplitude i is 3000, and the direction 45*, requi- 
red the impetus. Anſ. 1500. 
Ex. 3. The amplitude is 5 200, and elevation 75, required 
the impetus. | Anſ. 5 200. 


PROBLEM IV. 


The amplitude and direction being given, to find the height of the 
Projection. 


EXAMPLE. 1 


The amplitude being 1 200 yards, and dlevation 3 30˙5 8 
the height of the projection. * 


2865 SUNNERT. 


As radius o - = — == 10.00008S: 
Is to tangent elev. 30“, - - 9.76144 
So is 4 amplitude 300 - — - 2.47712 
To the 1 of the projection 174. 3 = — . 2.23856 


By Scale and Comps. 


The extent from the tangent of 4 5, or radius, on the line of. 
tangents to the angle of elevation, will reach backward on the 
line of numbers from + the ampiitude to the altitude required. 

Ex. 2. Civen the impetus 4000, and amplitude 4200, requi- 
red the great ſt altitude of the ball. | Anſ. 298. 


PROBLEM V. 
The altitude and elevation being given, to find the amplitude. 
EXAMPLE I. 


Let the altitude be 17 32 yards, and elevation 305, required. 
the — | 3 


— 


As tangent angle elevation 30? = - - 9.76144, 
Is to radius a * 10. ooo 

80 1s the greateſt alt. 173.2 = - „„ G@3855; 

To = amplitude 300 — - 2.4771L 


Amplitude Tn: 
By Scale and . 


The extent from the tangent of 30 to 455 or radius, will” 
reach forward, on the line of numbers, from 173-2, to zoo one- 
fourth part amplitude. . 


Ex- 
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Ex. 2. The altitude 368, and eleyation 40? I 5 R required 
the amplirude. DD i 4 1738. 


PROBLEM VI 


T be elevation and amplitude "ay g given, and any other dire, ts 
find the amplitude far that Ann 


EXAMPLE. . 


The direction MAK, go? 15“; its amplitude AK is 
7000; any other direction, 32 3o' being given, to find the 
amplitude for that direction, the piece being the ſame. 


As the fine of twice the iſt elev. 50 15 — 8 9.99267 
Is to the 1ſt amplitude 7000, - - 23.845 10 
So is the ſine of twice the 2d elev. 325 30 — 9.95728 
2 B 1 i ; 13-80238 
To the amplitude required, 6452, = - 3-80971 


By Scale and Compaſſes. 

» | i ; \ 

The extent from 79? 3o' to 65 on the line of fines, will 
reach backward, on the line of numbers, from 7000 to 645 2, 
the amplitude required. | 
Ex. 2. The angle of elevation is 28* 12“; its amplitud is 
5100, and any other direction 37* 28', required the amplitude 
for that direction. | Anſ. 5912. 


PROBLEM VII. 


The greateſt altitude of a ball, with the elevation, and any other 
altitude, not greater than the impetus, being given, to find the e- 
lewation with which the ball was projected. 


© EXAMPLE. 


 GUNNERY. 
EXAMPLE. 
A cannon being fired at an angle of 24* 5, the greateſt alti. 
tude of the ball 180 yards; another was fired off, and the 


greateſt altitude of the ball was 400 yards; at what angle 
of elevation was the cannon fired off the e ſecond. time? . 


As the feſt altitude 180 = = . 2.25527 


ls to the verſed fine of twice the firſt elev. 48* 20 4.52249 
So is the ſecond altitude 400 - - 2.60206 
To the verſed ſine of twice the ang, , 4.36940 
of the ſecond elevation, 5 74 74 36 1 
The elevation required, 37 28˙ 
By Scale and Compaſſes. 


The extent from 180, on the line of numbers, to 4oo, will 
reach from 48 10' to 747 560 on the line of verſed fines- 

Ex. 2. A ball was projected at an angle of 40 307, its great- 
eſt altitude being 500 yards; afterwards another was projected, 
whoſe altitude was 400, required the elevation of the piece- | 

Anſ. 35* 31'. 

Ex. 3. The greateſt elevation of a ball being 450 yards, the 

elevation 360 required the elevation of another projection, the 


greateſt altitude being 240 yards. 25 
PROBLEM VIIL 
The elevation and amplitude * given, to find the time of the 
flight. 
EXAMPLE. 


How long will a ball, fired off at an angle of 58*, remain in 
the air, the amplitude being 528c feet? : 
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As radius - ” -= p9oꝰ = ro. ooo 
Is to amplitule — = 5280 . 3-J2203 
So is tangent elevation py * 58” = 10 20421 


To the ſquare of 4 times the ſeconds | 8450 | 3.92684 
The ſquare root of which is 92 nearly. | 
Whereot the one- fourth is 23 ſeconds of time. 


This Problem 1s . ary in adjuſting the ffuſce of bombs, 
which are generally fired off at an angle of 45. 

It is common among gunners to find the angle between the 
object and the zenith, and take the complement of half that 
angle for their elevation. And becauſe a leſs charge of powder 
will ſerve with this elevation than with any other, they find, by 
trial, what _ will reach the object. 


PROBLEM IX. 


The amplitude of the projeFile, wwith a given charge of poauder being 
given, to find what charge of powder ill be neceſſary ro hit an 
object at any other diſtance, ( not greater than the cutmsſt range 
the elevation being the ſame. 


EXAMPLE. 


If 16 1b. of powder will ſhoot a cannon ball to the diſtance 
of 6000 yards, required the neceſſary charge to ſhoot the ſame 
ball 5000, with the ſame elevation. | 


As the firſt amplitude 6000 — - 3.77815 


Is to a charge of 16 lb. — — . 
So is the given amplitude 5000 TT. " 3.69897 
To the charge required, 13+ Ib. = . 1.12492 
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As 6000 : 16: 5000: 13. 3 lb. 
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PROBLEM on Aſcents and Deſeemts.” 


A projectile thrown on an aſcent, with the velocity it would 
acquire in falling from B to A, in the direQion AF, will ſtrike 
the line AN in K, ſo that AK will be equal to 4CD. Suppoſing 
the angle KAG a right angle, the angles GAB GBA, and that 
a ſemicircle on G, as centre with the radius GB, cuts the line 
of direction in D, and that DC is parallel to AN, meeting AB 
in the point C. Y 

Becauſe the angles RAD, ADC, are equal, being the alter- 
nate angles, and AK touches the circle, and AD cuts it, the 
angles KAD, DBA, are equal; therefore the angle DBA= 
CDA, conſequently the triangles ACD, ADB, are ſimilar, ha- 
ving the angle at A common; therefore AC: AD: : AD: AB. 

Again: Becauſe the triangles ACD, PAK, are ſimilar, AP: 

PK:: PK: 4AB; therefore AD=PR, conſequently CD=AK. 


bf” ; 4 


Cor 1. Through D draw a line parallel to AB, cutting the 
circle in Dd, and join AD, then will the projectile, thrown in 
the direction Ad, ſtrike the line NA in the 88 1 
cd AB AS. 


=” 
Cor. 2. Parallel to AB draw HL, a tangent. to the circle in 


H, join AH, then ſhall AH be the direction which ſhall carry 
the 8 fartheſt or: the line AN; becauſe, when D coin- 


cides 
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cides with H, CD is the greateſt poſſible, and conſequently 
AK (40D) is the greateſt diſtance the projectile can be carried 
to, with the velocity acquired in falling from B to A. 


Cor; It is plain that the angle HAN=HBA=HAB ; there- 


fore the direction AH biſects the angle BAN. 


Cor. 4. The lines AD, Ad, make equal angles with AR, 
conſequently the angles DAN, dAN, are * and the diſ- 
tance AK is invariably the ſame. 


Cor. S. When AK is given, and the direction required, take 
AR=AK, and through RD parallel to AB, meeting the cir- 


| D ”T _ | 
cle in D, d, draw AD, Ad, and theſe will be the directions. 
PROBLEM I. 


The horizontal diſtunce, and the perpendicular height of the object 
above the level of projection, a lſo the impetus being given, le Vid 


the elevations. 


| EXAMPLES. 


Let the horizontal diſtance be 7000, impetus 4200, and the 
inn height 744, required the directions. 


As the horizontal diſtance 700C = ES 3.845 10 


Is to radius go — = - — 10. 000 


So is the height of the object 7434 . 2.87157 


To tangent angle of obliquity 6 4' = FFF 


Half of which, added to 452, makes 48* 2“ 


Ax: AK : : AC: AG, that is, 
7000: 7040 :: 2100: : 2112. | 
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As tangent 48? 2 - - - I0.046c7 
Is to radius 90 . a * 10.0000 
So is 4 impetus 2100 =, | = - 3.32222 
To 1888 — 5 - OY 3.27615 
As 2162 OI » Ws 1 3.32469 

1s to 137.5 = - 3 — 2.13830 
So is radius 9o - — = 10. oc 000 
To the verſed fine of 20? 48' - $15 th 81361 


Half of which added to or ſubtracted ( 58" 26' higher. 
from 48? 2', gives 37 38 lower. 


PROBLEM IL. 


Grven e angles of direftion, ebliquity of the plane, and amplitude, 
to find the impetub. 


As ſine ang. d Az * 315 34 = 9.7189. 
into fine ang. BAD, 52 22 * . be 


| 19.61 760 
Is to the ſquare of } 
the fine of BAZ J 83” . = 9.99756 19.995 12 
SO is AK = 760 - > i 
4 | 1 23.240663 
To the impetus 4198 - - 3.62303 


PROBLEM III. 


The angles of direction, obliquity of the plane, and ampetus being 
given, to find the random. 


EXAMPLE 
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EXAMPLE. 


The obliquity of the plane is 6 4', the angles of the direction 
Dag * { * * 5 and impetus 4200, to find the diſtance 
of the object. 


As ſquare of the ſine DAx 835 . 99756=19.99512 
Is to fine DAZ x 315 34 9.71891 
into fine BAz 52? 22' 9.83869 


19.61760 

J0 is imer 4200 D — 3-62325 

| 23-24085 

_ To4 amplitude 1761 - "as 3-24573 


PROBLEM IV. 


The angles of Abos, ebliquity of the plane, and amplitude being 
given, to find the amplitude of any given elevation. 


EXAMPLE. 

The angle of obliquity KAx is 6* 4', any angle of direction 
37* 38', and its amplitude is 7040, any other angle of direction 
339 being given, to find the amplitude for that other direction. 


As the fine d Az 31 3429. 71891 
* into fine BAd 5 52 22'=9.89869 


-=19.61760 
Is to the fine MAx 5 53 9.62505 
into fine MAB 5 58* 56'=9.93276 
ET | 219,5 5871 
So is firſt amplitude 7040 - 3-84757 
| | 23. 40628 
Io the amplitude required 6147 3.78868 
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PROBLEM V. 
The impetus and obliquity being given, to find the greateſt random. 
EXAMPLE. | 


Let the impetus be 4200, oliquity of the plane EX, requi- 
red the n random. 


As tangent 48? 7 — = - F 10. 0460) 
Is to twice impetus 8400 * — 3.92426 
So is ſeeant obliquity 6* 4 - - 10.00244 

| - | 13.92672 

To the — random 7596 - - 3.88065 


If to 45 you add half the angle of obliquity, the ſum is the 
direction that carries fartheſt up an aſcent. 

If from 45 you ſubtract half the angle of obliquity, the re- 
mainder is the direction which carries fartheſt on a deſcent. 

The greateſt diſtance up an aſcent is equal to twice the im- 
petus, wanting the height of the mark above the horizontal 
plane. And the greateſt diſtance down a deſcent is equal to 
twice the impetus, together with the depreſſion of the object 
below the horizontal line. 

In actual ſervice, caſes on aſcents and deſcents are ſeldom 
attended to. | 


ComPUTATION OF SHOT: 
It is cuſtomary to pile iron balls and ſhells in horizontal rows; 
the piles are denominated according to the figure of their re- 


ſpective baſes. The baſe is commonly an equilateral triangle, 


ſquare, or rectangle. TO and ſquare piles, when com- 
; plete 


RR 
— — 
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Tee terminate 1 in a Gngle ball, and 2 rectangular pile in a 


| ſingle row. The two firſt, when complete, form a pyramid, 
the laſt a * 
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PROBLEM I. 
To find the number of balls in a irjenguler pile. 


RULE 


— 8 . vs. Sow" Ft 


ES 
— B27 nd 


Put u for the number of balls in a ſide of the baſe row, then 


n 
— * — 


AX LI X 42, gives the number of balls in the pile. 
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Required the number of balls in a triangular pile, a ſide of 
the baſe tire contains 30 balls. | 


Zo n | | a 


31 SANT 


92 | 
J2=1+2 . 


1860 
2790 


6029760 
4960 balls in the pile. 


Ex. 2. How many balls are in a triangular pile, the ſide of 
the bottom- row being 25 ? Anſ. 2925 
Ex. 3. Required the number of balls in a triangular pile, 
che fide of the baſe- row being 20. „ Anſ. 1540. 
Ex. 4. How many balls are in a triangular pile, the baſe- 
row being RT: Anſ. 220. 
| Ex. 
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Ex. 5. How many balls are in a triangular pile, whoſe baſe. 
tireis 4? ö | Anl. 20 


PROBLEM II. 
To find the number of balls in a ſquare pile. 
aa 


Put u for the number of balls in the fide of the ſquare baſs, 
then n x 21+1 is the number of balls in the pile. 


EXAMPLE I. 


How many balls are in a cquare pile of 30 balls to the ſide of 
the baſe- row? ; 


3o en 
31=7+1 


8 
SI A2 TI 


930 
$580 


6)56730 
9455 balls in the pite. 


Ex. 2. How many balls are in a pile, the ſide of the ſquare 
baſe being 15 balls ? | Anſ. 1240+ 
Ex. 3. How many balls are in a ſquare pile of 13 tires? 
Anſ. 819. 
Ex. 4- How many balls a are in a ſquare pile of 12 tires ? 
Arſe 6 50. 
Ex. 
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Ex. 5. How many balls are in a ſquare pile, whoſe baſe- row 
conſiſts of 10 balls ? | 5 Anſ. 385. 
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' PROBLEM 111. 


— I ep 


To find the number of balls in a pile, whoſe baſe is a . or © 
_ oblong. 


r 

— wy" © — 
2 

Sn” PRE ů — — — 4 


6 RULE. 

Put / for the number of balls in the length, and 6 for the 

| breadth, then 3/+1—6 x b x b+1, will give the number of balls 
| 2 | | 


in the oblong pile. 


EXAMPLE I. 


How many balls are in an oblong pile, the _— of the baſe 
courſe is 40 and breadth 20? 


2020 
21 


2020 
4040 


hes 


6)42420 
Anſ. 7070 balls. 
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Ex. 2. How many balls are in an oblong pile, the length of 
the baſe tire being 36 and breadth 24 ? Anſ. 8500, 

Ex. 3 How many balls are in an oblong pile, the length of 
the baſe row is 24 and the breadth 20 ? Anſ. 3710. 

Fx. 4. Required the numher of balls in an oblong pile, 
whoſe length is 12 and breadth 8. Anſ. 348. 


PROBLEM IV. 
Tofind the number of balls in an incomplete pile. | 
RULE, 


From the 1 in the whole pile, conſidered as ; complete, 
| ſubtra& the number in the pile which is wanting at the top, 
(both computed by the rule for their proper form) and the re- 

mainder is the number in the broken pile. 


EXAMPLE. I. 


Required the number of balls in the incomplete triangular 


pile, one fide of the bottom courſe being 30 and the uppermoſt 
. 21. 


To find the pil complete. To find the pile at the top. 

30 20 
31 21 
930 420 
32 22 
1860 840 

_—_ 840 
60297660 609240 
4960 1540 

1540 
Anf. 3420 balls 


Ex + 


Jv 
870 
59 


7830 
4350 


605 330 


8555 
2470 


Af. 608g balls. 


30 

3 
90 
To 
91 
20 
71 
20 


1420 
21 


1420 
2840 


— 
60 298 20 


4970 
735 


— 


N 4235 balle in the fraflurs. 
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EXAMPLE II. 

To find the number of balls in an incomplete ſquare pile of 
10 tires, the ſide at the top being 20. 
To find the whole pile. | 

29 the baſe row. 


EX AMPLE III. 
To fl the number of ſhot in a rectangular pile of i cour- 
ſes, the baſe being 30 by 20. 
To find the complete pile. 


To find the top one. 
19 the baſe row. 


20 


380 
39 
3420 
1140 


— — — — 


60 148 20 


— — — 


2470 


To find the pile at top. 


19 
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EXAMPLES in practice. 


1. How many ſhot are in a complete oblong pile, whoſe 
length i is 32 and breadth 20* ? | Anſ. 5390. 


2. un the number of ſhot in a triangular pile, the ſide 
of the baſe row being 42. Anſ. 13 244. 


3. Required the number of ſhot i in a ſquare pile, the fide of 
. bottom courſe being 40. Anſ. 22140. 


4. How many balls in an incomplete triangular pile, the 
ſide of the baſe courſe being 40 and top 20? Anf. 10150. 


- 5. Required the number of balls in an incomplete triangular 
pile of 17 courſes, the fide at top being 8. Anſ. 2516. 


| 6. Required the number of ſhot in an incomplete ſquare pile 
of 17 courſes, the fide of the baſe row being 24. An. 4700. 


7. How many balls are in an incomplete oblong pile, the 
baſe being 40 by 20, and top 29 by 9? 42. 6146. 


8. How many ſhot are in a triangular pile of 21 courſes ? 


An. 1771. 
9. How many in 8 ſquare pile of 21 courſes ? _ 3311. 


10. How many balls in an oblong of 13 courſes, the ſingle 
row at top being 1 12 balls? „ ion 
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AT of Triangular Piles of Shot. 


* - 1 1 . 
* : 4 . — 2e FL 
2 


** 3 4 | 5 6 r 


* 1 4 10 20 | N 50 84 120 165 


220 286 304 4585 560 | 680 816 969 1140 1330 


2 
2 
5 
4 540 1771 2024 2300 260 | 29235 3276 3654 460 4495 
2 5 6545 714 7770 | 8435 | 9139 | 9880 1066 


; 
ES - — | got FE cs — 
3 | 4 11480 | 12341 3244 41190 15180 | 16215 | 17296 | 18424 19600 20825 


EXPLANATION. 


The figures in the left-hand column repreſent 10's, thoſe in the top line units. Thus in the triangular 
table Required the number of balls in a triangular pile, the ſide of the baſe-row being 32. Find 3 in the. 


And ſo of the reſt, | . | 
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SPECIFIC GRAVITY. 


THE abſolute gravity of a body is the force with which it 
tends downwards, and is always proportional to the denſity of 
the body, without any regard to its magnitude; ſo that a pound 
of cork is as heavy as a pound of gold. But the ſpecific gravi- 
ty of bodies are their relative weights under the ſame magni- 
tude, and are proportional to their denſity. Thus a cubic foot 
of lead 1s heavier than a cubic foot of fir ; for lead, being more 
denſe than fir, contains a greater quantity of matter. 


A cubic foot of water weighs 1000 ounces averdupois.—The 
ſpecific gravities of bodies, their magnitudes, and their weights, 
may be found, each from the others, by the following prob- 
lems. | | 


PROBLEM I. 
70 find the ſpecific gravity of a body heavier than water. 
RULE. 


Find the weight of the body in air, and alſo in water, and 


their difference is the weight loſt in water. Then, 


As the weight loſt in water | 
Is to the weight of the body in air, 
80 is the ſpecific gravity of water 
To the ſpecific gravity of the body. 


EXAMPLE 
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EXAMPLE I. 


A piece of braſs weighed 3 cwt. in air, and only 2 owt. 2 
grs- 14 Ib. in water; required its ſpecific gravity, 


The weight in air 336 As 42: 336 : : 1000 

The weight in water 294 1900 | 

Weight loſt in water 42 4273 4288 Anſ. 
ooo 


A piece of ſteel weighed 394 lb. in air, and 342 lb when 
weighed in water; * is the ſpecific gravity of ſteel ? 
Anſ 7850. 
Ex. 3. A bar of lead weighed 15 cwt- in air, but only 13 
cwt. 2 qrs. 19 Ib, 10+ oz: in water; required the ſpecific gra- 
vity of lead. Ans. 1 1325. 


PROBLEM II. 


To find the ſpecific gravity of a body lighter than water. 


RULE. 


Affix to it a piece of lead, iron, or any other body heavier 
than water, ſo that they may ſink together ; then weigh the 
heavier body, and the compound maſs, each in water and 
out of water ; ſubtract the difference of the one from the dif- 
ference of the other ; ; then ſay, 


As the laſt remainder 
Is to the ſpecific gravity of water, 

So is the weight of the ** i in air 
To its 882 


EXAMPLE 


- SPECIFIC GRAVITY. 


EXAMPLE I. 


A piece of aſh weighs 20 Ib. in air, to which is affixed a piete 
of copper, which weighs 15 lb. in air, and 13+ lb. in water; 
this compound weighs 87 lb. in water; required the ſpecific 


i . — Gn $4, TE CITE 233 Ye + An * 
—. N * * — * K = 3 G3 = 
= "I — 
— a - — — Þ . — x os ——— ˙ ah 
— So FEES — > as - 7 — 1 - $4 * _ 


gravity of the aſh. L 
Ger Compound. bl 
In air 5 1 In air 35 in 
In water 1 2337 - | In water 8+ W 
2 
1 * f if 
1 
25 1 
As 25: 1000 : : 205 | | 


20 


25)20000 


| Aw. 800 the ſpecific gaser of aſh. 


Ex. 2. A piece fir weighs 1 ewt. 2 qrs. arid a piece ſteel 
being affixed which weighed 3 cwt. in air, but in water 2 cwt. 
2 qrs. 13 Ib. ; ſuppoſing the compound to weigh 1 cwit. I 
qr. 16+ Ib. in water, required the ſpecific gravity of fir. 


nf. 550. 


Ex, 3. Suppoſe a piece cork weighs 25 Ib. in air, and that a 
piece lead, which weighs 100 lb. in air, and 91.17 Ib. in wa- 
ter, is fixed to it; and that the compound maſs, being 1 immer- 
ſed in water, weighs 12 lb. required the ſpecific gravity of 
eork; | 5 ö Anſ. 240. 


is. PROBLEM 


466 SPECIFIC GRAVITY. 


PROBLEM HI. 


A mixture of tao ingredients being given, zo Re the quantity "Y 
_— each, 


RULE. 


Find the ſpecific gravity of the mixture, and of each of the 
ingredients, and multiply the difference of each by the other. 
Then ſay, | 


As the greateſt product 

Is to each of the leſs products, 

So is the weight of the compound maſs 

To the weight of each ingredient reſpectively. 


EXAMPLE I. 


Suppoſe a maſs of a and filver weighs 9 Ib. and that its 
ſpecific gravity is 15018, (the ſpecific gravity of gold is 19040, 
and of filver 1 4225 required the 9 of each Ingredient. 


19640 1800 15618 
11091 Ws ©: 11091 
. i 2 1 
8549 4022 4527 
15618 11091 19640 
683922—y—᷑y᷑ᷣ1 | 4022 181080 
8549 36198 27162 
51294 40220 9743 
42745 | 4022 „5 WS. of 
— 44608 88910280 


133518282 


As 1335 462 44608002 : "2. 3 Ib. u neatly. 
133518282 : 88910280 : , 


> E. 


' SPECIFIC GRAVITY. * 


Fx. 2. A mixture, whoſe ſpecific gravity is 9784, is made 
of tin and copper, and weighs 112 lb.; the ſpecific gravity of 
tin is 7320, and of copper 9000 z how much of each ingredient ? F 


100 Ib. Copper. 
of } 12 Ih. tin. 


Ex. 3. A -oldſimith mixes 18. ounces gold wth alloy, and 
forms a maſs of 24 ounces, whoſe ſpecific gravity is 180coz 


the ſpecific gravity of gold is. 19037 3 required the ſpecific gra- 
rity of the _ Ani. 


PROBLEM Iv. 


To find the weight af a body from its magnitude. 


RULE. 


As 1. cubic foot 
Is to the content of the body,. 


So is its ſpecific gravity 
To its weight. 


| EXAMPLE * 


Required the weight of a block of marble 6 feet long, 2 


wah au and 6 Inches thick. 


RT | 6 


308 SPECIFIC GRAVITY, 


6 As1: 15 :: 2900. 
I | ny. 
30 13500 
5 2700 
28 4 20 
15.0 1049500(253 109002201 


7 SB 20 


FFF 


80 8 
= | - 
48 
20 
16 
4 


Anſ. 1 ton, 2 cwt. 2 qrs. 11 Ib. 4 oz. 


Ex. 2. Required the weight of a log of oak 24 feet long, 1+ 
broad, and 1 foot thick. Anſ. 18 cwt. 2 qrs. 9 Ib. 4 02. 


Ex. 3. How many deals fir will a ſhip of 400 ton burden 
carry, each being 16 feet long, 9 inches broad, and 6 * 
thick? 5 | Anſ. 4344 7 


Ex. 4. A ſhip of 300 tons burden carries 96 ſlabs marble, 


each 10 feet long and 6 feet broad; it is required to find the 
thickneſs, | 7. Bo 109 inches. 


PROBLEM 


SPECIFIC GRAVITY. 2309 


PROBLEM V. 


To find the magnitude of bodies from their weights, 


RULE. 


Divide the weight af the body in averdupois ounces 
by the tabular ſpecific gravities, for the number of cubic feet. 
Or ſay, | 


As the ſpecific gravity of the body 
Is to its weight, i 
So is I cubic foot 
| To the ſolidity in feet. 
EXAMPLE I. 
| How many cubic feet are in a ton weight of fir ? 
55: 35840: : 1: 652 


Ex. 2. How many cubic feet are in a ton-weight of braſs? 
| Anf. 4.48. 


Ex. 3. How many cuhic feet in a block common ſtone, 
. whoſe weight is 8 ton? An. 1133 feet. 


4 TABLE of Specific Gravities of fever al Solids and 


L 31 4 


Live ſulphur 


Fluids. 

7 is Brick 1 - 
Very fine gold - 19637 Nitre 
Standard gold — 18888 Alabaſter - 
Guinea gold «+ 17793 Dry ivory - 
Moidore gold 17140 Brimſtone = 
Quick-filver - 14019 | Solid gunpowder 
Lead = 21325 Allum - 
Fine filver — 11087 Sand — 
Standard ditto 10535 Pit- coal - 
Copper - 8843 Pitch = 
plate braſs - 8000 Ebony — 
Steel — 7850 Human blood 
Iron — 7645 Amber — 
Caſt iron — 7425 "| Cows milk - 
Block-tin - 7321 Sea-water - 
Speltar - 7065 Goats milk = 
Lead-ore - 6800 Pump-water - 
Glaſs of antimony 5280 ö Spring-water 
Copper- ore — 3775 | Diſtilled water 
Diamond 3400 | Proof of ſpirits 
Clear glaſs = 3150 | Dry oak - 
White marble 2707 | Gunpowder ſhaken 
Black ditto — 2700 | Pure ſpirits. - 
Rock cryſtal = 2658 |} Aſh - - 
Green glaſs = 2620 | - Crabtree - 
Cornelian ſtone 2568 Maple - - 
Common ditto - 2520 Elm 
Flint - - 2542 Fir - 
Hard paving ſtone 2460 | Cork - - 

2000 Air * - 


1 


BALLS AND SHELLS. 


| PROBLEM I. 


To pry the wn f 4. ſhell, FT external and internal diameters 
being given. | 


| RULE. * 
MULTIPLY the difference of the cubes of the Sail in 
nearly. 


EXAMPLE I. 


Required the weight * an iron ſhell, whoſe ee and 


internal 8 are 97 and 7 inches. 


9.8 7 598.192 
9.8 7 4 
784 49 2392768 
882 7 598192 
96.04 343 Au. 83. 74688 Ib. 
9.8 | | | 
70832 
864360 
941.192. 
343 


99.192 | | : 


inches by 14, and the product gives the anſwer 1 in pounds 
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Ex. 2. What is the weight of an iron ſhell, the external and 
internal diameters being 13 and 9 inches. An/. 137.54625 lb. 
Ex. 3. Required the weight of an iron ſhell, the diameters 


| being 8 and 10 inches. Anſ. 68.32 lb. 
| Ex. 4. Required the weight of an iron ſhell, whoſe diame- 
I ters are 104 and 8 inches. e Anſ. go. 38 75 lb. 
Ci PROBLEM . 

. 


To find bow much powder will fill a. ſhell. 
„ 


Divide the cube of the internal diameter in inches by $7.33 
the quotient gives the pounds in powder. 


EXAMPLE I. 


What weight of powder will fill a ſhell whoſe internal dias 
Meter is 7 inches ? 


57. 30343 EM 986 Ib, 
2865 
5650. 
1 


Ex 
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Ix. 2. How much powder will fill a ſhell whoſe internal di- 
ameter is 9+ inches? - Anſ. 14.962. 
Ex. 3. How much powder will fill a ſhell whoſe internal di- 


ameter is 8 inches ? Ani. 8:935 lb. 
Ex. 4. What weight of powder will fill a ſhell whoſe ame 


ter is 10 o inches! 5 Anſ. t 7. 45 Ib. 
PROBLEM III. 
To find the ſixe of a ſhell to contain a given weight of powder. 
RULE. 


Multiply the pounds of powder by 57.3, and the cube root 
of the product will be the ſhell's diameter in inches. 


EXAMPLE I. 
Required the diameter of a ſhell that will hold 5.986 Ib. 
LoGaRITHMICALLLY. 


To the logarithm of 5.986 = 077714 
Add the logarithm of 57.3 = 1.75815 


” 1 3)2-53529 
The logarithm of of 7  e.84509 
Ex. 2, Required the diameter of a ſhell that will hold 
14-962 Ib. Anſ. g inches. 
Ex. 3- What is the diameter of a ſhell that will contain 
8.935 I Anſ. 8 inches. 


Ex, 4. A ſhell contains 6. Ib. powder ; required its diameter. 
"m 7 inches. 


„ PROBLER 
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PROBLEM * 
To find the diameter of an iron ball from its weight. 
45 e 
An iron ball of 4 inches diameter weighs 9 b. and fimilar 


ſolids are in the triplicate rate of their homologous ſides ; there- 
fore, if d is the diameter and v the weight, 


„ 55 
As 9: 64 :: w:dandy/d* = d the diameter, 
EXAMPLE I. 


Required the diameter of an iron ball whoſe weight is 42 
W. WW 


972688 


4 298.6 the cube root of which is 6.684 inches. 


Ex. 2. What is the diameter of an iron ball whoſe weight is - 
52 lb.? Anſ. 7.1777 inches. 

. Required the diameter of an iron ball whoſe weight 
is 26 Ib. 8 Anſ. 6.3496 inches. 

. Required the diameter of an iron ball whoſe weight 
is 12 lb. Anu. 4-403 inches. 


PROBLEM 
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PROBLEM V. 


* 


| 
To find the weight of an iron ſbot, its diameter being given. 


RULE. 


- = = 8 
7 _— . - - «* - > 
A 0 PER 1 38 * =O 


As 64: 9: d : 20. 


i! 
** 
"Wt 
iT] 
W. 
wh 
5 
54 
45 
. 


7 Fn rr 


5 — 
CE CI IE: 


N. B. d and wv are the ſame as in prob. 4. 


—— — > 2 3s 
— - 


—_ 


EXAMPLE I. 


Se 2 9 275 
3 * — 
wy = Sel. - v-addy — 
S AT = c rnr> IEEE. 
= . 4 4 n 
2 = Os 


Required the weight of a ball whoſe diameter is 6+ inches. 


3 
. 8 
64:9 :: 274-025: 


9 
- 64)2471.625{38.619 
192 
551 
512 
396 
2384 
122 : | 
64 : 
585 
0 9 f " 
Ex. 2. Required the weight of an iron ball whoſe diameter 
is 5.0397 inches. Ai. is w. 
Ex. z. What is the 8 of a ball Whoſe diameter is 
6. 3490 inches? | Au. 36 lb. 


88 2 5 Required 
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Required the weight of an iron ſhot whoſe diameter is 


PROBLEM VI. 


To find the caliber of a gun to aufuer a ball of a given weight, 


RULE, 


To the diameter in inches add one-twentieth of the ſame, 
and the ſum gives the caliber for Engliſh guns. 


EXAMPLE. I. 
Required the caliber of a 42 poun der. 


The diameter of a ball of 42 lb. is 6. 684 
334 


| 7.018 


Ex. 2. Required the caliber of a 32 pounder. Anſ. 6.410. 
Ex. 3. Required the caliber of a 12 pounder. Anſ. 4.623- 
Ex. 4. Required the caliber of a 24 pounder. Ans. 5.824. 


It is cuſtomary in Britain to allow one-twentieth part more 
for the diameter of the bore than for the diameter of the ſhot; 
i. e. the diameter of the bore is to that of the ſhot in the of 4 

portion of 21 to 20. 
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4 TantE of the Diameters of the Shots and Calibers of Engliſh Guns. 


2 


_ 


© Fxplication of the above Table. In the left-hand column ſtand the tens, in the top line the units; . g. Wh 
know the diameter of a 42 lb. ball, and the caliber of its gun, look for 4 In the left-ha 
below 2 and oppoſite to 4 is the diameter and caliber required: And fo of the reſt, 


_ — 


5 i % 3-3 5 6 0 ahi 2, 1 
1 1904. 2-423 | 2-775 | 3-033 | 3-288 3.498 3.679 3.846 [ 4-000 Diameters. 
2.544 2.913 3.204 3-568 3.668 3-861 4.038 + too | Calihiry. 
4-493 [4.522 | 4.635 | 4-743 | 4-846 | 4.945 | 5.040 513 Diameters. 
4.623 4.748 | 4 866 4.981 5.088 5.192 5.292 5.368 Cnlibers 
| [5-220 | "og 5-388 5.409 5.547 5.523 5.607 5.769 5-839 | ry Diameters. 
y 5.486 5-570 5.6615. 742 5.824 5.893 5.982 |6.057 6.129 [6-203 Calibers. 
7 5.975 [5.041 6.105 6 158 | 6.230 6.290 | 6.350 6.408. 9.465 6527 Diameters. 
N (6.27% 3.343 6.410 [6.475 6.541 6. 604 | 6.666 6.707 | 0.788 6.846 Calibers. 
fy 6.576 6.931 6.684 6.937 6.789 8 6.89 6 940 6.989 7637 Diameters. 
x 6.904 6.562 7018 7.076 7.128 ag „„ 5030 (7.203 | Calibers. | 


en you would 


nd column, and for 2 at the top, and: 


PROBLEM VII. 
DT find how many pounds of gunpowder will fill a rectangular box, 
RULE. 80 


Divide the ſolidity of the box in inches, by 30, and the quo- 
nent will give the number of pounds. | 


EXAMPLE I. 


How much powder will a box contain, whoſe length is 16 
inches, breadth 10, and depth 9 inches? 


166 
10 
— — 


160 
9 


— — 


30) 1440 
Anſ. 46 lb. 


Ex. 2. How much powder will a cubical box contain whoſe 


depth is 12 inches ? Anſ. 573 lb. 
Ex. 3. What quantity of powder will fill a box 15 inches 


Jong, 12 broad, and 8 inches deep ? | Anſ. 46 lb. 


PROBLEM VIII. 


To find thc feds of a cubical box that ſhall contain a given weight of 
powder, 


RULE. 
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RULE. 


Multiply the weight in pounds by 30, and the cube root of 
the product will give the ſide of the box in inches. 


EXAMPLE I. 


Required the fide of a cubical box that ſhall contain 577 b. 
powder. 


| 57.6 
TO 


1728.0(12 Ib. 
I. | 


300 "26 
60 
a 4 29G 
364 X 2= )728 


O 


Ex- 2. Required the fide of a cubical box to contain ooo Ib. 


poder. Anſ. 30 inches 
Ex. 3. Required the ſide of a cubical box to contain 11 * 
lb. gunpowder. Anſ. 15 inches. 
PROBLEM IX. 


To find what quantity of powder will fill a given cylinder. 
RULE. 


Multiply the ſquare of the diameter by the length, and di- 
ride the product by 38.197 for the pounds of powder. 


EXAMPLE 
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EXAMPLE I. 

How many pounds powder will an a — whoſe — 

ter is 8 inches and the length 10 inches. 


1 
8 


«a 
10 
38. gr oo0(16.75 Ib. 
38197 
258030. 
229182 


288480 
267379 


211010 

10035 
Ex. 2. How much powder will ſillea cylinder whoſe diame- 
ter is 10 inches and length 16 inches? _ 
Ex. 3. Required the weight neceſſary to fill a cylinder of 8 
inches diameter and 20 in length. An. 


Diameter 


CAUCING. 


Fax art of Gauging is that part of the Mathematics called 
| Stereometry, or the meaſuring of Solids, becauſe the capacity of 
all veſſels uſed for liquids, &c. are computed as if they were 
real ſolids And ſince the contents of all ſorts of veſſels, that 
come under the conſideration of the gauger, are computed by 
the ſtandard gallon or buſhel of its kind, whoſe content is 
known to be a certain number of cubic inches, all dimenſions 
uſed in gauging ſhould therefore be taken in inches and deci- 
mal parts of an inch. 5 

The common wine gallon ſealed at Guild-hall in London, 
contains 23 1 cubic inches: It is uſed for meaſuring all wines, 
brandy, ſpirits, ſtrong waters, mead, perry, cyder, vinegar, oil, 
honey, &. from which ſtandard gallon the following table is 


computed, | 
Table of Wine meaſure. 
R | | 
inches. | Gall. ew | 
23 1 I Tier ce | . Gallons . 
ESE. = OP A] a 2 | 
9702| 42 | 1 [Hogſh 18 = 1 Runlet. 


3112 1 Wine or 


145531 04 |} 8 | 2 - Pom vinegar barrel. 


291061126 | 3 | 2 11 | 1 [Tun. 
i 1 4 2 3 I 


+ EE The 


322 dae 


The gallon, whether beer or ale, contains 282 cubic inches: 
From thence the following tables are computed. 


1 meaſure. 


Culic 13 | 

2822 1 gall. Note. A firkin of ſoap and 
| ME: of herrings are the ſame 
23 6= 8=1 firkin. with that of ale. 


4512=i6=2=1 kilderkin. 


9024=3 2=4=2= I barrel. 


13536=48=6=3=14=1 hogſhead. 
4% Beer meaſures 


Cubic inches. 


282= 1 pallon. 


25238= 9g=1 firkin. 


 $076=18=2=1 kilderkin. 


 10152=36=4=2=1 barrel. 


15228=54=6=3=12=1 hogſhead. 


This diſtinction between beer and ale meaſure is attended to 
in London, Edinburgh, &c. ; but in many country places, both 
in England and Scotland, the following table is uſed, whether 
it be ſmall or ſtrong. | 


Cubic ke 
2822 1 pallon. 


2397= 8+=1 firkin. 


4794=17 =2=1 kilderkin. 


9588=34 =4=2=1 barrel. 


14382251 =6=3=1+ hogſhead. | 
Ihe 
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The ſtandard Wincheſter buſhel * contains 21 50.42 cubic 
inches, conſequently the gallon muſt be 268.8 cud inches : 
OT the following table of 


Dry meaſure. 


Cults inches. i | ON = | 
268.82 1 gallon. 5 Note. 4 buſhels=a coomb, 
r 10 quarters ga wey, and 
537.6 2= 1 peck. 12 weys a laſt of corn. 


2150.4 8 * — 


17203. 264 = 32 8 = quarter. 


In gauging, All ſuperficies or areas are underſtood to be 1 
inch deep, otherwiſe it could not be ſaid (as in the gauger's 
language it is) that the area of any ſquare, ee &c. is ſo ma- 
ny * | 


Moſt of the following problems are ſuch as have been alrea- 
dy propoſed in the former part of this treatule; and are only 
here applied to practice. 


PROBLEM I. 
| To find divi are, multipliers and gauge-points, with their uſes. 


| 282 48 inches make 1 ale gallon. 
231 cubic inches make 1 wine gallon. 
268 8 cubic inches make 1 corn gallon. 
2150.42 Cubic inches make 1 corn or malt buſhel. 


— — — 


A cylindric buſhel, 18 one-half inches diameter, and 8 inch deep, is e- 
ſteemed a legal Wincheſter buſhel, according to the ſtandard in his Majeſty's 
Exchequer, ſettled by act of Parliament in the year 1697. 


"Tre RULE. 
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RULE. 


Divide 1 by theſe numbers, and the quotient will give equi. 
valent multipliers, and their ſquare roots will be the gauge. 
points *. 


TaBLE I. For right-lined ſurfaces. 
Diviſors. Multipleers. Gauge- points. 
282 A. G. | .c03546 A. G. J 16.79 A. G. 
231 W. G.. 004329 W.G.|} 15.19 W. G. 
C. G. | .00372c2 C. G. | 16.39 C. G 
B. | .0004650 M. B. | 46.37 M. B. 
PROBLEM II. 


To find the area of any rectangular tun, back, or cooler, Qc. in ak, | 
ane gallons, and malt buſhels. 


RULE. 


Multiply the length by the breadth, (both being in inches) 
and divide the product by the diviſors, or multiply it by the 
multipliers in Table I. the reſult will be ale gallons, wine gal- 
lons, corn gallons, or malt buſhels. | 


EXAMPLE I. 


Required the area of a ſquare cooler, whoſe fide is 1247 
inches, in ale, wine, corn gallons, and malt buſhels. 


124.5 


* 
— 


Gauge · points are the ſides of ſquares whoſe area is I gallon, 1 buſhel, &c. 


124,5X124-5 = 15500-25 


Firſt by diviſion, then by multiplication. 


282)15500.25(54.96 A. G. 15500-25 X.003546=54.96 A. G 
231) 15500. 25076. 10 WG. 15500-25 X.cc4329=76.10 W. G 
268˙8) 15 500. 2505 7.66 C. G. 15 500. 25 X.0037202=57.66 CG 
250˙42) 15 800. 2507. 209 M. B. 15 Soc. 25 X.0004650= 7.209MB 


Theſe areas, being ä by he depth, w_ the con- 
tent of the whole veſſel, 


Ex. 2. A veſſel is 4 the form of a rectangle, 232 inches in 
length and 64 in breadth, what is its area in ale, wine, corn 
_ gallons, and malt buſhels ? 

Anſ. 52.652 ale gallons, 64.277 wine gallons, 5 5. 238 
corn gallons, and 6.904 malt buſhels. 

Ex 3. Suppoſe the length of a brewer's tun, back, or cool- 
er, be 217+ inches, and its breadth 85 inches, required its a- 
rea in beer, wine, corn gallons, and malt buſhels. 

* 66.014 ale gallons, $0.59 wine gallons, 69.02 corn 
gallons, and 8.6 malt buſhels. 

Ex. 4. Required the area of a ſquare back, whoſe fide is 30 
inches, in ale, wine gallons, and malt buſhels. | 

| An. 3-19 ale gallons, 3.80 wine ns and .418 malt 
; buſhels. 


By the fliding rule. 


Set the diviſor upon B to the ſide of the ſquare on A, and a- 
gainſt the ſide of the ſquare on B you have the content on A, 
in ale, wine, corn N or in malt buſhels, in terms of the 
divifor. 

If the tun, back, &c. be a rectangular 8 ſet the pro- 
per diviſor on B to the breadth en A, then againſt the length 


on B is the content on A, as above. 
PROBLEM 
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PROBLENM III. 
To find diviſors, multipliers, and gauge-poiuts for circular areas. 
RULE. = 


Divide 282, 231, 268.8, and 2150.42 *, by .7854, (the area 
of a circle whoſe diameter is 1) and the quots will be a ſet of 
diviſors ; and divide .7854 by the ſame numbers, the quot will 
give a ſet of multipliers as exhibited in the following table. 
Alſo the ſquare roots of theſe diviſors will give their reſpective 


gauge-points +. 
TaBLE II. For circular areas. 


Diviſors. M.ultipliers. Gauge- points. 


359 05 A. G. . 00278 A. . G 18.95 A. G. 
294.12 W. G. 0034 W. G. | i7.15 W. * 
344.24 C., G. 00292 C. G. 58.5 C. G. 
2737. M. B. . ooo305 M. B. | 22.32 M. B, 


PROBLEM * 


To find the area of a circle in ale, wine, corn gallons, and malt 


_ 
RULE. 


— I 


* In practice, the decimal part is neglected, 2150 being reckoned ſufficient- 
ly accurate: We ſhall therefore only uſe the integer for the future. The ſame 
is to be obſerved of the diviſors in the preceding table. 


I The gauge- point for circular areas is the diameter of a eircle whoſe area, 
at x inch deep, is I gallon, 1 buſhel, &c. | | 
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RULE. 


Divide the ſquare of the diameter by the diviſors, or multiply 
the ſame ſquare by the multipliers, the reſult will be the area 
in ale, wine, corn gallons, or malt buſhels. 


EXAMPLE I. 


Required the area a: a circle, whoſe diameter 1 is 80 inches, 
in ale, wine gallons, and malt buſhels. | 


— 


80 x 80 = 6400. 


Firſt by diviſion, then by multiplication: 


359)6400(17.827 A. G. 6400 X .00273=17.792 A. G. 
294)6400(21.768 W. G. 640 K .o034=21.76 W. G. 
2737) 6400 2.338 M. B. 6400X.000365=2.336 M. B. 


E Required the area of an ellipſe, whoſe diameters are 
1737 and 90, in ale, wine gallons, and malt buſhels. - 


173% 7 X90 = = 15600, 
| This may be reckoned as the ſquare of the diameter in circular 
ſurfaces. 


Firſt by diviſion, | then by multiplication. 


359)15600(43-4 A. G. 15600 X00278 =43.4 A. G. 
29471 560005 3.06 W. G. | 15600 K 0034 =53.0 W. G 
2737) 565.7 M. GS nn, 7 M. B. 


Required the area of a circular beak whoſe Hameter i is 50 
inches, in ale, wine gallons, and malt buſhels. 


Anſ. 6.95 ale gallons, 8.5 wine gallons, and .91 malt 
buſhels. 


By 


GAUGING. 


By the fliding rule. 


Set the diviſor upon B to the diameter on A, and againſt the 
diameter on B 1s the area on A. 


| SUuPERFICIES having already been ſo largely treated of, it will 
perhaps be thought needleſs to give rules for each particular fi- 
gure. . . 

In general, the area of any back, tun, or cooler, or of any o- 
ther veſſel, may be obtained thus: — Find the area of its bot- 
tom or top * by the rule for its proper form, and divide this area 
(in ſquare inches) by the diviſors, or multiply by the multipli- 
ers in Table I. of right-lined ſurfaces, and the reſult will be the 
areas in ale, wine, corn gallons, or malt buſhels. 

But when the veſſel is of a polygonous form, the following 
method is one of the moſt praCtical :—Divide it into triangles, 
by the help of a chalk'd line, ſuch as carpenters uſe, by ſtriking 
diagonals : And, having found the diagonals, the perpendicu- 
lars may be aſcertained thus: Fix one end of the chalk'd line 
in one of the angles; move it f and fro upon the ſtretch till 
you find the neareſt diſtance from the angle to the fide which 
ſubtends it, there ſtrike a line. In like manner find the other 
perpendiculars; then, by a ſcale of inches and decimals of an 
inch, meaſure the perpendiculars, and the diagonals or ſides on 
which they fall. Compute the area of each triangle ſeparately, 
and divide or multiply their ſum as above, for gallons and buſh- 
els reſpectively. „ 


n 


 ExAMPLEs 


2 — 


4 r 
——— 


.  * The veſſel is here ſuppofed to be of equal width from top to bottom. 
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EXAMPLES for practice. 
EXAMPLE I. 


How many ale, wine gallons, and malt buſhels are in the a- 
rea of a rhombus, whoſe fide is 60 inches, and perpendicular 
breadth 50 inches? 

Anſ. 10.63 ale calloms, 4 12. 98 wine gallons, and 1.395 

malt buſhels. | 

Ex. 2. How many ale, wine gallons, and malt buſhels are in 
the area of a rectangle, whoſe Dt is 96 inches, and A 

10 inches? 
| Anſ. 17.02 ale gallons, 20.779 wine gallons, and 2.23 
malt buſhels. 
Ex. 3. How many ale, wine gallons, and malt buſhels are in 
the area of a rhombus, whoſe length is 120 * and * 
dicular breadth 100 inches? 
Anſ. 42.55 ale gallons, $1 948 wine nne and 5.58 
malt buſhels. 

Ex. 4. How many ale, wine gallons, and wal buſhels are in 
Z the area of a triangle, whoſe three ſides are 80, 100, and 60 
inches? | | 

Anſ. 8.51 ale gallons, 10.389. wine gallons, and 1. 116 
malt buſhels. _ | 

Ex. 5. How many ale, wine gallons, and malt buſhels are in 
the area of a triangle, whoſe baſe is 25 inches, ated perpendicy- 
lar 24 inches ? 

Anf. 1.0638 ale gallons, 1:2987 wind gallons, and 1395 8 
malt buſhels. 

Ex. 6. How many ale, wine gallens, and malt buſhels are in 
the area of a trapezoid, whoſe parallel ſides are 120 and 80 
inches, and their perpendicular diſtance 50 inches? 

Anf. 17.73 ale gallons, 21 —_ wine gallons, and 2.325 


malt buſhels. 
+ > Ex, 
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Ex. 7. How many hes wine gallons, and malt buſhels are in 
the area oof a trapezium, whoſe diagonal is 175 inches, and per- 
pendiculars falling upon it, from the oppoſite angles, 80 and 
120 inches! ? 

Anfſ. 62.056 ale gallons, 75.7 57 wine zajlons, and 8.13 
malt buſhels. 

Ex. 8, How many ale, wine oaflons, and malt buſhels are in 
the area of a pentagon, whoſe ſide is 20 inches? | 

Anſ. 2-44 ale Ws 2.978 wine gallons, and .32 malt 
- buſhels. 

Ex. 9. How many ale, wine gallons, and malt buſhels are in 

a hexagon, whoſe ſide is 20 inches? 
| An, 3.686 ale gallons, 4-498 wine gallons, 1 4 
malt buſhels. 

Ex. 10. How many ale, wine gallons, and malt buſhels are 
in a circle whoſe diameter is 40 inches? 

Anſ. 4.456 ale gallons, 5-44 wine gallons, and +584 
malt buſhels. 

Fx. 11. How many ale, wine gallons, and malt buſhels are 
in a ſegment of a circle, whoſe diameter is 60 inches, and 
height of the ſegment 10 inches ? 

Anſ. 1.449 ale gallons, I. 709 wine allows, and. 19 malt 
buſhels. | 

Ex. 12. How many ale, wine gallons, and malt N are 
in the ſector of a circle, when the arch is 60 inches and radius 
50 inches? 

Anſ. 5.319 ale gallons, 6.493 wine gallons, and 691 
| malt buſhels, _ 

Ex. 13. How many ale, wine gallons, and malt buſhels are 

in an ellipſe, whoſe tranſverſe and conjugate diameters are 49 
and 3o inches ? 
Anſ. 3-341 ale gallons, 4 08. wine gallons, and 433 

* . 


Ex. 
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Ex. 14. How many ale, wine gallons, and malt buſhels are 
in an elliptic ſegment, cut off at the diſtance of 36 from the 
gentre, the axis being 120 and 46 inches? 

Anſ. 5.903 ale gallons, 2. 323 wine gallons, and 249 
malt buſhels. 


Theſe examples are ſo eſſentially neceſſary to the practice of 
pauging, that an officer in the exciſe ought not to be ſatisfied 
with leſs than the very principles on which they are performed, 


before he venture upon the following part of gauging. 


PROBLEM IV. 


Wh find the content of any cube, parallelspiped, priſm, or of the 
cylinder, in ale, wine gallons, and malt buſhels. 
RULE I. 
Find the area of the baſe in ale, wine gallons, or malt buſh- 
els, and multiply that area by the height, or depth; the pro- 
duct will give the content in ale gallons, &c. 

RuLE 2. Find the ſolid content, (in inches) as taught in 
Prob. II. IV. of ſolids, and this content, divided by the diviſors, 
or multiplied by the multipliers in Table I. will give the con- 
tent in ale, wine gallons, & c. 


EX AMPLE I. 


How many ale, wine gallons. and malt buſhels n a veſſel, 
in the form of a parallelopipedon, contain, the length being 69 
inches, breadth 50, and depth 36 inches? 


. By 
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By RoLE I. 
60 X $0==3000 | 
282)3000(10.63 A. G 10.63 X36=382.63 A. G. 


 231)3000(12.98 W. G. 12.98 & 36 467. 28 W. G. 
2150) 300001. 398 NM. B. 1. 395 X 36= 50.22 M. B. 


By RolE II. 


60 X 50 X 36=10800 


282)1080c0(382.97 Content in ale gallons. 
231)108000(467.54 Content in wine gallons. 
2150)1080c0( 50.23 Content in malt buſhels. 


Aud ſo of the reſt. 


The fmall difference in the anfwers is not to be imputed to 
any defect in either of the preceding rules; for if the quots are 
extended to'a few more decimal places, the anſwers will agree to 
the greateft nicety. In practice, however, it is cuſtomary to 
add 1 to the integral part of the anſwer, when the decimal 
exceeds .5, and to neglect it when lefs. The ſame is to be ob- 
ſerved of the following examples. | 


_ EXAMPLE II. 


Required the content of a cubical veſſel in ale, wine : gallons 
and malt buſhels, the fide being 20 inches. 
Anſ. 28 ale gallons, 35 wine gallons, and 4 malt buſhels. 
Ex. 3. How many ale, wine gallons, will a cylinder con- 
tain 5 diameter is 25 inches and depth 20 ? 
Anſ. 35 ale gallons, and 42 wine gallons. 
Ex. 4. How many buſhels malt will a veſſel contain whoſe 
baſe is a rectangle of 50 inches * 402, and depth 40 inches? 
Ani. 38. 


Ex. 5. Required the content of a triangular priſm, whoſe 
length is 18 inches, and one of the ſides 25 inches, and per- 

| pendicular 16 inches, in ale, wine gallons. 

Anſ. 13 ale gallons and 15 wine gallons. 

Ex. 6. A cylinder, whoſe diameter is 72 inches and depth 
48; it is required to find its content in ale and wine gallons. 

Anſ. 693 ale gallons and 846 wine gallons. 

Ex. 7. How many ale, wine gallons, and malt buſhels will 
a cylinder contain, whoſe diameter is 56+ ne and height 
96 inches? 

Anſ. 854 ale gallons, 1042 wine gallons, and 112 malt 
bufhels. | 

Ex. 8. A parallelopipedon i is 40 inch bing 20 broad, and 
15 inches deep; required its content in ale, wine gallons, and 
malt buſhels. | 
Anf. 43 ale gallons, 52 wine alben and 6 malt buſhels. 


PROBLEM V. 


To find the content of any 8 or - af the cone, in ales Wine 
HH and malt * 


RULE. 
Compute the ſolidity of the cone or pyramid, in cubic inch- 


es, by Problem VL. of /o/ids, then divide this ſolidity by the di- 
viſors, or multiply by the multipliers, and the reſult will give 


the gallons or buſhels required. 


EXAMPLE I. 


How many ale, wine gallons, and malt buſhels will a coni- 
cal 
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cal veſſel contain, whoſe baſe diameter is 40 inches, and iti: 
tude 60 inches? 
Anf. 80. 136 ale gallons, 108. 343 wine gallons, and 

11.68 malt buſhels. 
Ex. 2. How many ale, wine gallons, will a veſſel, in the 
form of a pentagonal pyramid, contain, the fide of whoſe baſe 
| is go inches, and perpendicular depth 140 inches? 

Anſ. 2306.1 ale gallons and 2615.2 wine gallons. 

Ex. 3- Required the content of a ſquare pyramid, whoſe 
fide is 40 inches, and height 60 inches, in ale, wine gallons, 
and malt buſhels ? | 8 - 

Anſ. 113-47 ale gallons, 138.52 wine gallons, and 14.88 
malt buſhels ? 5 


PROBLEM VI. 


25 fnd the content f the fruſtum of a cone, or any pyramid, in ale, 
wine gallons, and malt * 


NLE I. 


For the cone. Add the ſquare of the two diameters to their 
product, multiply the ſum by . 7854, and again by + the 
height; then divide or multiply as in Table I. for gallons or 
buſhels, as * 


RULE It. 


For the pyramid — Add into one ſum the area of both ends, 
and the mean proportional between them ; multiply the ſum by 
Z the height, and the product is the content in cubic inches; 
which divided or multiplied by the diviſors or multipliers in 
Table I. gives the content in ale, wine gallons, cc. 


KXAMPLE 
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EXAMPLE V 


A veſſel, whoſe baſes are rectanples, the greater baſe 100 
inches by 70 inches, the leſſer baſe 80 by 56 inches, and depth 
1 * the content in ale, wine gallons, and malt — 
ds. 
Anf. 347 g ale gallons, 1035.1 wine partly. and 111.2 
malt buſhels. 

Ex. 2. Required the content of the lower fruſtum of a cone, 
the greater baſe diameter being 38 inches, the leſs 204, and 
depth 21, 1n ale gallons. Alnſ. 51 ale gallons. 

Ex. 3. A fruſtum of a cone, whoſe diameters are 56.5 inch- 
es and 19 inches, and the height 62 inches, required the con- 
tent in ale, wine gzllons, and malt buſhels. 

Ex Anſ. 266.3 ale gallons, 325-1 wine gallons and 34-93 
malt buſhels. 


PROBLEM VII. 


The Ho ifors * ale, auine, and malt for a cylinder * Even, 10 
find a diviſor for any of the following ſolids ; namely, the globe, 
{pheroid, parabolic conoid, hyperbolic condid, SOOT ſpindle, and 


C ones 


RULE * 


Find what part each 1 ls of the circumfcribing . then 
fay, 


As 


—Yy 


* The globe is + of the circumſcribing cylinder—the 3 
roid the parabolic conoid : the n conoid + I 
the r ſpindle r- and the cone 3. 
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As the numerator 

Is to the denominator, 

So is the ale, wine, and malt diviſors of a cylinder, 
To the like diviſors for the figures required. 


EXAMPLE I. 


| Required ale; wine, and malt diviſors for the cone, thoſe of 
the cylinders being 359.05 for ale, 294.12 for OG, and 


2737-47 for malt. 


: 359-05 : 1077-15 ale diviſors 


As 1 47 
:3:: 294.12: 882.36 wine diviſors. 
nS 


: 2737-47 : 8212.41 malt diviſors. 
And ſo on for the reſt. 


EXAMPLE II. 


A cone, whoſe diameter is 40 inches, and altitude 60, re- 
quired its content in ale, wine gallons, and malt buſhels. 


40 x 40 X60 = 9600.0. 


1077 1596089. 1 ale gallons, 
882. 30 \96000(108.8 wine gallons. 
8212,41)96000{11.68 malt buſhels. 


I ſhall inſiſt no farther on thefe examples at large, becauſe 
v hat is here ſhewn of the cone is ſufficient to inform the mean- 
eit capacity how to proceed with the other ſolids mentioned in 
te problem; but ſhall only offer a few practical exerci- 
"bes. BY, 


EXAMPLE. I. 


How many ale, wine gallons, and malt buſhels will a veſſel, 
| EY | in 
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in the form of a ſpheroid, contain, whoſe fixed atis is 100, and 
revolving 60 inches? 
Anſ. 668.4 ale gallons, 816. 4 wine Salon, and 87.6 
malt buſhels. | 
Ex. 2. Required the content of the parabolic conoid in ale 
and wine gallons, the height being 3o, and diameter of its bafe 


20. | : 
Anſ. 16.7 ale gallons, and 20.4 wine gallons. 


Ex. 3. Required the content of the hyperbolic conoid, the 
baſe being 100 inches, and altitude 60 inches. 

Anſ. 696.2 ale gallons, and 830 wine gallons. 

Ex. 4. Required the content of a parabolic ſpindle whoſe 
length is 60 inches, and greateſt diameter is 64, i in ale and wine 
gallons. 

Anſ. 103.02 ale * and 126. 7 wine gallons; 


IncamixG Tuns and Coolers. 


Tas practical method of gauging any fixed tun of copper, 
and of making a table to ſhew what it will hold at every inch 

deed. | 
Firſt, You muſt know that moſt (if not + all) brewers tuns 
are ſo fixed as to lean a little, for conveniency of cleanſing their 
drink, which is uſually called She drip, or full of the tun; Now, 
the drip, or fall, is the hoof of ſuch a ſolid as the tun is ſuppo- 
ſed to repreſent. The beſt and readieſt way is to meaſure into 
X 5 the 
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the tun, when dry, ſo much water as will juſt cover the bots 
tom; for by this means a level is obtained, by the help of 
which it will be eaſy to aſcertain how far up the ſurface of the 
liquor will reach when the tun is full. | 

Then find the content of that part between the ſurface of the 
drip and the ſurface of the liquor when the tun is full; to 
which add the drip or fall, and the ſum will be the content t of 
the tun. 

Next, divide the difference of the head and bottom diameters 
by the depth, and the quotient is a common addend for 1 inch 
from top to bottom, by which you may find the * 
the middle of every 10 inches of the depth. 

ExamMPLE. Let the bottom diameter of a conical veſſel be 


98 inches, top diameter 80, and depth 40 inches; it is requi- 
red to find how much it will hold upon every inch, and to ta- 


ble the ſame. 


Bottom diameter 98 5 And 
Top diameter 80 40)18. o0(.45 the mend, 
"4 


Now, 5, 15, 25, and 35 are the inches which fall in the mid- 
dle of every 10 inches; if theſe numbers be multiplied by the 
addend, the products will ſhew how much ought to be added 
to the diameters at thoſe depths. Thus, 


45 „ 11 


5 IS 25 +03 
2.25 6%ñ᷑ꝶ Th-25 - 15.75 


30 
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80 top diameter. 


ph Gal. B. 


92. 25 diameter at 5 inches deep, it its area is 18.8420 


90 top diameter - 
6.25 
$6.7: 75 diameter at 15 inches deep, i its area is 20.96=0 


g0 top diameter. 
1 


— 


91.25 diameter at 25 inches deep, its area is 23. 19 20 


8c top diameter. 
15-15 


—— 
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95.75 diameter at 35 inches deep, its area is 25. 53=0 


— 


The ſum of theſe areas are 38. 52 


which, multiplied by 10, gives 885.2 gal- 
Jons, the content of the tun. 


Now, 18.84 gallons, which is o bar 2 fir. 1.84 call. is the 
common area to the firſt 10 inches; and, for the next 10 
inches, 20.96 gall. which is o bar. 2 fir. 3.96. And ſo on for 


the reſt. 


The operation will be as follows. 


Whole 
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IF hole content. 's 
8. F. Gall. 
26 © 1.20 18 © 0.96 
388 
25 1 78617 1 5-50 
f 4 +206 
24 3 016 3 1.54 
2 184 2 3-96 
24 1 418 oo 6.08 
2 $84] - 2 3-90 
23 3 2.3415 2 2.12 
2 4 2 | 3-96 
23 1 0014 3 6.66 
2 1.84 2 3:99 
22 2 7.16 [4 7 2.70 
2 1.84 | y 6.19 
22 © $432 13 2 5.01 
2 1.84 2 0.19 
T7 2 3.48 12 3 7.32 
10 
80 1.64 12 1 I-13 
2 1-84 6.19 
20 1 8.30 11 2 3-44 
2 6.19 
19 3 4.34/10 3 5-75 
2. 399 2 6.19 
10 0 8.06 
92 6.19] 
18 2 4.92 9 2 1.89 
2 2.06 2 6.19 


18 © N "3 4-18 


5. F. l. 
8 3 418 
2 6.19 
8 o 0.49 
. 
7 2 0.30 
3 Wu 
6 13 ey 
a: Tv 
6 © 0.24 
3 
| 3: 0.03 
4 2 o. 18 
3 
3 3 O. 15 
3 0.03 
3 © 0-12 
3 0.03 
2 1 0.09 
. 
. 2 ©.00 
3 88 
0 4 va 
9 7 0-03 


AzsST RAC. 

In. Bar. Fir. Gall. 
© 26 © 120 
11 586 
02 

Aan 
4 #3 . 32:34 
ene 
„„ 
7 22 © 632 
„„ 
9 164 
10 20 1 8.30 
„ 434 
„ 
ũ—öm 292 - 
14 18 0 0.96 
1 3.50 
16 16 3 1.54 
13 - 46. 5 . 608 
35.4 242 
19 14 3 6.60. 

00' 14: 1. 470 
=. 3 $8. 4-91 
22 12 3 - 7-33 

1 F413 
24 31 2 3-44 
5 30. 3 5-15 
26 10 © 8.06 
6 2 197 
28 8 3 4-18 
20 8 ©. 6-49 

| 9.30 

0 

| 32 6 © 0:24 

1 
W423 ov 
— 3 

„„ 3: © 0-12 

37 2 1 ©-09 

38 21 2, 0.06 

29 89 0.03 

a © 9 0-99 
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Victuallers, who brew but little at a brewing, generally 
cool their worts in tubs. In order to aſcertain the quantity of 
worts, the gauger ought to have the area of each tub marked 
upon it, otherwiſe to number the tubs, and enter the number. 
and area of cach tub in his ſtock-book. 


PROBLEM VIII. Fig. 1. 


To gauge a copper with a riſing crown, and make allewance for 
the ſame. 


RULE. 


Take a mall cord and let it priſe the diameter of the 
head, and, by a plumb-line, find Ee, Gg, the greateſt and leaſt 
depths of the copper. Note Ae, Find the content of CDFE, 
conſidered as the fruſtum of a cone; then find the content of 
the crown, being reckoned a ſpherical ſegment; ſubtract the 
latter from the former, and the remainder will thew the quan- 
tity of liquor neceflary to cover the crown. | 

Then find the content of the copper from the crown up- 


wards, take the diameter of every 4, 6, or 10 inches“, and 
inſert them, together with their correſponding areas (in barrels, 


firkins, and gallons) in a table; then multiply each of theſe a- 
reas by their diſtance, and the ſum of the products will be the 
content after the crown. is covered. 3 | 

A very good and ready method to find how much liquor will 
cover the crown, is, to meaſure in as much water as will juit 
cover it. 


EXAMPLE. 


— — 


i 


The more curved the ſides of the copper are, the more mean diameters 
and arcas you ought to take. 
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EXAMPLE. 


Suppoſe the figure ABFE to repreſent a copper, and ExFgE 
its riſing crown, AB go, CD=82, Ae=g, SR plain 1 


AB—2 x Aezgo—io=EF, Ee zo, and Gg 27, conſequent- 
ly gx=3. 


To cover the crown. 


In the cone CDFE, the diameter) Gall. B F. Gall. 
__ CD=82, EF=80o, and gx=3, its con- p 54-7602 = 1 2 3.778 
tent in gallons, &c. is | 
The baſe diameter 80, and height : 
of the crown 3, its content in ale 26.737 0 3 1235 
gallons, &c. will be | | 


| py he liquor that will cover the crown ——— N 
18 - — | ; * 8 28.945 — od 3 2.543 


The crown being thus covered, it now remains to find the 
content of the copper from the crown upwards, the depth being 
27 inches. In order to this, take the diameter in the middle 
of every 10 inches from the top, and inſert each againſt the 
parts of the depth, as in the following table. Find the area of 
each in ale gallons, by Problem IV. and inſert theſe areas, each 
againſt its correſponding diameter, as in column third; alſo 
the contents of the ſeveral parts of the depth are placed in the 
fourth column. And theſe contents, being reduced to barrels, 
firkins, gallons, are inſerted in the laſt column, as follows. 
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Parts of 858 [ T Content in © 
depth. | foes Area. In Gall. . 
io | B88. 21.568 21% 10 3 8 
10 $56.5 20.36 203.6 13 
7 52.5 [ 18.956 132.692 3 3 5.19 
To cover the crown.| 28.045 [0.3 2:54 
Content of thecopper 580.027 17 O 2.01 


The content being thus found, you may proceed to inch the 
copper by the ſame directions which Were RY for inchiog 
tuns in laſt problem. 


Cask-CAUCING. 


Casx- AN is the moſt difficult part of the art: This 
difficulty ariſes from the variety of curves which veſſels may 
be compoſed of. It is alſo the moſt imperfect, and ever will 
be; becauſe no caſk can be made in ſuch ſtrick conformity to 
| the ſolid it repreſents, as by the rules of art it is required to be. 

Gaugers have reduced all kinds of caſks to four forms, or 
varieties. 
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Variety I. The middle fruſtum of a ſpheroid—Zig. 2. 
Variety II. The middle fruſtum of a parabolic ſpindle ig. 3. 
Variety III. The middle fruſtums of two paraboRee onoids— 
Fig. 4. 
Variety IV. The middle e of two cones Lig. 5. 
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PROBLEM K. 
To find the content of a caſt, 
RULE I. 


For Variety I. To the ſquare of the head diameter add twice 

the ſquare of the bung diameter, then multiply the ſum by the 
length, and divide the product a 1077 for ale pn and by 
882 for wine gallons. 


RULE II. 
For Variety II. To g times the ſquare of the bung diameter 
add 6 times the ſquare of the head diameter, then multiply + 


the ſum by the length; divide the * as _— for ale 


and wine gallons; 


RULEI III. 


For variety III. To the ſum and half ſum of the ſquares of 
the head and bung diameters, add g of the difference of their 
ſquares, then multiply the ſum by the length, and divide the pro- 
duct, as above, for ale and wine gallons. | 


RULE IV. 


For variety IV. From the fam and half ſons of the ſquares 
of the head and bung diameters, ſubtract half the ſquare of 
their difference; then multiply the remainder by the length, 
and divide the product, as above, for ale and wine gallons. 


= general Rule for reducing caſts to a cylinder. 
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Firſt, conſider which of all the four Varieties the propoſed 
caſk reſembles, then from the bung diameter ſubtra& the head 
diameter, and multiply the difference by .7 for the ſpheroid, 

by .65 for the ſpindle, by .6 for the conoids, and by .;5 for the 
_ cones; add the product to the head diameter, the ſum is a 

mean diameter, or the diameter of a cylinder of equal content 
and length with the caſk propoſed. 


EXAMPLE. 


The length of a caſk is 40 inches, bung diameter 32, and 
head diameter 24, inches; required its content in ale and wine 
gallons. 


Cask I. Suppoſe the caſk of the firſt form; then, 


By RuLE I. 
32*=1024; 1077(104966(98.3 ale gallons. 
| 5 aa) 0 19 wine gallons. 
2048 
24* = 576. 
| 2024 
length 40 
104960. 
| By the General Rule. 
IS”; 5.6+24=29.6 the mean diameter. 
8 29.6 X 29. 6 X.00278 x 40=97.6 ale gallons. 
3 29- & 29. Gx. oo gꝗ X 40=119.1 wine gallons. 
$6 


"SP: By 
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By the ſliding rule. 
get the length of the caſk in inches on C to the gauge Point 
on D, and againſt the mean diameter on D you have the con, 
tent on C. 58 
| Casx II. Suppoſe the cafk of the ſecond form; then, | 
By RuLe II. 


32*=1024 107%) ter 376. 0094.12 ale gallons. 
| 9 882)101376.0(114-9 wine gallon} 


By the general rule. 


8x.65=5.2 and 24+5-2=29.2 the mean diameter, 


29.2 K 29.2 X.00278 x 40=94.98 ale gallons, 
29.2 x 29 2.0034 x 40—115-959 wine gallons, 


 Cass 
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Cat III. Suppoſe the caſk of the third form z then, 
By RLE III. 


g2*=1024 1077)97760(90.77 ale gallons. 
24*= 576 882) 977600 10˙84 wine gallogs. 


By the general rule. 


8 *. 64.8 and 2444.8=28.8 the mean diameter. 


28.8 X 28.5 Xx. 278 X 40= 92.4 ale gallons. 
28.8 X 28.8 X.0034 X 40 = 12.8 wine gallons. 


Cas IV. Suppoſe the caſk of the fourth variety. 


32 =r024 - 1077)94720(87.9 ale gallons. 
24*= 576 882)94720(107.39 wine gallons. 
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By the general rule. 


8X. 5524.4 and 24+4:4=28.4 the mean diameter. 


28. 4x 28. 4 x. oo x 40=89.8 ale gallons. 
28. STEIN: 4 X-0034 x 40=10y. 69 wine gallons 


A caſk of the 1ſt variety 1s the moſt capacious, and one of 
the 4th the leaſt capacious. The ſpindle is moſt uſed. 


We have now ſhewn the method by which caſks (when full) 
may be gauged, both by the pen and rule. It now remains to 
point out a method by which caſks, that are not full, may be 
gauged, and this is called ullaging. 


PROBLEM X. 
To find the ullage of a caſh. E 


A caſk may either ſtand on its end, with its axis perpendicu- 
lar to the horizon, Agg. 6. or ly with its axis * to the ho- 
rizon, fg. 7. 


RULEIL 


When ſlanding— Divide the wet inches by the length of the 
caſk ; and, if the quotient exceeds . 5, add £; of the exceſs to 
the ſaid quotient : but, if it be leſs than .5, ſubtract + part of 
the deficiency, ſo will the ſum or remainder be a multipli- 
cand, by which if you multiply the content, the product will 
be the quantity of liquor. 


RULE Il. 


When * ing—Divide the wet inches by the bung diame- 


ter 5 
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ter *; find the quotient among the verſed ſines in fne table of 
circular ſegments, and multiply the correſponding area by the 
whole content of the caſk, and the product gives the liquor 


in the calk. 


EXAMPLE I. 


For a caſt flanding. 
Let the bung diameter be 28 I | Wet inches 18 
Head diameter - 22 | Dry inches 14 
Length = 32 {| Content 60.96 A. G. 
3271 8.00(.c025 5625.5 . 0625 exceſs. 88 


.00625 [s of which is . 0025 


the multiplicand 56875 


60.96 


341250 
511875 
3412500 


63 — 


34-67100co Alf. 34-671 gall. in the caſk. 


EXAMPLE II. 


For a caſh Hing. 
Let the length be 20 | Wet inches 6 
Bung diameter 16 Dry inches 10 
Head diameter a2 J Content n 
16 


= If, inſtead of the wet inches, you divide by the dry, and proceed as the 
rule directs, the reſult will be vacuity, 
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16)6. 0.375 correſponding area 269013 


48 8 ; 12.3 
os 30709 
112 N 838026 
— 269013 
. $86 r 
Hnf. 3.3 gallons. The content 3· 3088599 
EXAMPLE III. 


Let the length be 32.5 | Pry inches Tay 
Bung diameter 31 | Content 5.37 A. G. 


Wet inches 19 {| Required the ullage lying. 
nf. 20.97 ale gallons A.G. 


EXAMPLE IV. 


How many gallons are 
wanting to fill up 
the veſlel? 


Anſ. 35 gallons. 


Let the bang diameter be | 33 
The dry inches - I 
The content 108 gallons. 


Nite. The nearer the form of the caſk approtthes to a cy- 
nder, the more exact will the tables give the ullage; but 
when the bung diameter is much greater than the head diame- 


ter, the line of ſegments is truer than the tables. 
| By the Sliding rule. 


When lying. 1f, Set the bung diameter upon the line of 
numbers to 100 upon the line of ſegments; then againſt the 
wet inches on the line of mjunbers 1 is a fourth number ; z which 


reſerve. 
24, Set 100 upon B to the whole content upon A, and a- 


gainſt the reſerved number is the anſwer. 


When 
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When Pandiug. 1}, Set the length of the cafk on the line of 
numbers, to 100 on the line of ſegments; then againſt the 
wet inches on the line of numbers is a fourth proportional, 


which reſerve, 
2d, Set 100 on B to the whole content on A; Ia again 
the reſerved number on B is the ullage required, 


Zo gauge a floor of malt, 
' RULE 1, 
| Meaſure the length and breadth of the floor, and take a num- 


ber of depths by your gauging-rod, and divide their ſum by . bi. 
their —_— the quotient will give: a mean depth. 50 f 


RULE II. 
Multiply che length, breadth, and depth continually, and 
divide the product by 2150; the quotient gives the number of 
4 buſhels. | | 
EXAMPLE. 


A reQangular malt floor is 490 inches long, 368 inches 
broad; the depths, taken in ſeveral places, are as follow; 


Inches. a © 
„ 5 
4 6.2 
1 N „„ - 


45 | Required the content. 


352 


For the mean depth. | | 
; = 490 X 368. G 1009792 | cubic inches. 


$ - 2150)1009792(469.67 malt buſhels. 


6)33-6 
5.6 mean depth. 


By the Sliding Rule. 


Set the mean depth on MD to the length on N, and againk 
Vo breadth on the line A is the content. on the line B. 
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SLIDING RULE. 


y 26 inſtrument is two feet in length, much uſed in taking 
dimenſions, and in caſting up the contents. One of its ſides 
is provided with a ſlider, or flip, both ſides of which are divi- 
ded in the ſame logarithmic manner with one of the ſides of 
the rule. On the other fide of the ſlider is another line, mark- 
ed the girt line, and is uſeful in caſting up ſolids. Beſides, at 
the diviſions 17.15, and 18.95, are marked w. G. and A. G. the 
wine and ale gauge points, for the purpoſe of gauging wine 
and ale by this rule. 

This rule is ſo well known, that it is unneceſſary to give a 
tedious deſcription of its properties or conſtruction. We ſhall 
only give a few rules to ſhew its utility. 


Pros. I. Te multiply any tavo numbers. 


RvuLE. Set 1 on the flip to one of the fe ctors on the ſtock, 
and over againſt the other factor on, the flip you have the pro- 
duct on the ſtock. 


/ 


"OILY II. 1 divide by the ſliding rule, 


Rl x. Set the diviſor on the flip to the dividend on the ſtock, 
and againſt 1 on the flip you have the quotient on the ſtock. 


£2 | . "PROM: 
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Pros. III. To ſquare a 4 by the ſlide rule. 


RULE. Set 1 on the lip to the given number on the * 


and againſt the given number on the ſlip you have the e ; 
on the ſtock, 


| Pro. IV. To extract the ſquare root by the ſliding rale. 


RULE. Set 1 or 100 on the flip to 1 or 10 on the girt line, 
and over againit the given number on the ſlip you have the root 
on the girt line, 


| Pros. V. To perform the rule of three by the ſliding rule. 


RuLE. Set the firſt term on the ſlip to ſecond term on the 
ſtock, and over againſt the third ſerm on the flip you have the 
anſwer on the ſtock, 


Pro, VI. Ta 04 up ſuporficies by the flding rule 


Rol. Set the breadth in inches on the ſlip to 12 on the 
Rock, and againſt the length in feet on the ſtock you have the 
content on the lip in ſquare feet and decimal parts. 


Pros: VII. To find the ſolid content of ſquared timber. 


Rol. Set the length in feet on the ſlip to 12 on the girt 
line, and againſt the fide of the ſquare in inches on the girt line 
is the content in ſolid feet on the flip. 


Pros. VIII. To find the folid content of four-fided timber, 200 
baſe is an oblong ; that is, ⁊vhoſe breadth is greater than its thick- 
neſs. ; | 


RuLe. Multiply the breadth by the thickneſs by Prob. I. 


and extract the ſquare root of ** 2 by Prob. 4. With 
this 


ARTIFICERS MEASURING —&« 4%; 
this ſquare root, as the ſide of the ſquare, work as directed in 
Prob. 7. and you have the anſwer: 


 MeasvrinG of BOARD AND TiMBER. 


PROBLEM I. 
To find the 2 perficial content of a board or plank: c 
RULE I. | 
Multiply the length by the breadth, and the product is the 


area. | . | 
RULE 2. If the board is tapering, add the breadth of both 


ends together, and multiply half the ſum by the length for the 


Eo” 


area, 


EXAMPLE I. 
Required the afea of a plank 15 inches broad and 18 feet 
ww OE Ge oo nn 
Decimilly. Duo-decimally. By Reduction. 
„ Be F. | 
Length 189 "28> © 1=216 - 
Breadth 1.25 | 1 2 15 
90 18 8 1080 
36 „ 216 
i PER woe | 
e 22 6 Ag. 144)3240(22 feet. 
22.50 Anf. | 288 
8 | 360 
288 
12)72(6 inches. 
Un 
2545. 0 By 


5 
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By the Slide rule. 


Set 15, the breadth in inches, on the ſlip, to 12 on the ſtock, 
and oppoſite to 18, the length in — on the ſtock, you have 
225 feet on the * 


Ex. 


long, 


Ex. 
Ex. 
. 
Ex. 
Ex. 
Ex. 


Ex. 


Ex. 


a. Required the content of a plank 16 feet 3 inches 
and 18 inches broad. Anf. 24 feet 4 inch. 6 parts. 
3-—of a plank 224 feet long 194 inches broad. 
Anſ. 36 feet 11 inch. 7 parts 6” 

4. gon feet long and 14 inches broad. 

| Anſ. 35 feet 4 inch. 8 parts, 
5.— 255 feet long and 19 inches broad. | 

| Anſ. 39 feet to inch. 2 parts. 

6. * feet long and 21 inches broad. | 
Anſ. 60 feet 4 inch. 6 parts. 


1 | 


274 feet long and 15+ inches broad. 
A. 35 feet 2 inch. 4 parts 6”. 
8 3 feet long and 134 inches broad. 


Anſ. 35 feet 5 inch. 1 part 3”. 
9.233 feet long and 10 inches broad. 
Anſ. tg feet 3 inches 3 parts. 5 
10.— 124 feet long and 9 inches broad. 
Anſ. ꝙ feet 2 inch. 3 parts. 


Fit 10+ feet long and 6 inches broad. 
Anſ. 5 feet 2 inches, 
 12.——15++ feet long and 84 inches broad. | 


Anſ. 10 feet 4 inches 5 parts 3“. 


E13. 19 feet long and 8 inches broad. 
| An. 12 feet 84 inches. 
Ex. 14.—29 feet long and 22 inches broad. 


Ex. 1 


Anſ. 53 feet 2 inches 
15.— 392 feet long and 16 inches broad. 
| Anſe 52 feet 8 inches. 


3 ZLEM 
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* PROBLEM I.. 


To find the ſolid content of ſquare timber. 


RULE. 


- Multiply the three dimenſions e and the laſt pro- 


duct wall be the folidity. 


' EXAMPLE L 


Required the ſolid content of a tree 18 feet long, and 18 


inches the ſide of the ſquare. 


oct 18 feet, the tengrh, on the lips to 12 on che girt line, 


= Duodecimalss. Decimally. By Reduction. 
| In F F. In. 
| | o length. - 182216 
183.5 18 
a *- 90 1728 
9 © 55 8 216 
27 8 „ ͤ 3888 
1 6 thickneſs. 1.5 18 
27 © 1350 31104 
#4 6 270 3288 
40 6 Auf 40.50 Anſe 1728)69984(40 feet. 
| Le 00423: - 
144)864(6 inches. 
804 
By the GS. rule, 


and 
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and againſt 18, the fide of the ſquare, in inches, on the gif 
line, is 40+ on the ſlip, which i 1s the anſwer in feet and frac: 


tional re | 


Ex. 2. Required the content, when the length is 19 feet, 


de of the ſquare ꝙ inches. Anſ. 10 feet 8 inch. 6 pts. 


Ex. 3.—— the length 24 feet, fide of the ſquare 14 inches. 
| Anſ. 32 feet 8 inches. 
Ex. 4- — 231 feet, ſide of the ſquare 30 inches. 
Anſ. 146 feet 10 inch. 6 pts. 
Ex. 5.— 14 feet, fide of the ſquare 15 inches. 
; Anſ. 17 feet 11 inches. 
Ex. „ feet, ſide of the ſquare 12 inches. | 
Anſ. 22 feet 9 inches: 
Ex. 4.—15 feet, ſide of the ſquare 10 inches. 
An. 10 feet 6 inch. 4 pts. 8”. 
Ex. 2 feet, fide of the ſquare 2 feet. | 
Anſ. 96 feet 4 inches. 
Ex. 9.——28+ feet, ſide of the ſquare 11 inches. 
Anſe 23 feet 10 inch. 7 pts. 1” 6”, 
-10 feet, ſide of the ſquare 14+ inches. 
| Anſ. 12 feet 1 inch. 
Ex. 156 feet, the fide of the ſquare 3 feet. 
| Anſ. 54 feet. 


Ex. 12.82 feet, ſide of the ſquare 14 inches. 
| Anſ. 10 feet 11 inches. 


Ex. 10.— 


Squared timber, whoſe breadth is greater than the thickneſs, 
may be truly caſt up by the above rule with as much expedition 
as with any other. Unſkillful meaſurers, however, generally 
add the breadth and thickneſs together, and they conſider half 
their ſum as the ſide of the ſquare, and work accordingly; but 
this method is falſe; and the greater the difference between 
the breadtk and thickneſs is, the error thence reſulting will be 
the 


2 
, 
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the more conſiderable ; and in every caſe of this kind the re 
ſult is greater than the truth. 

EXAMPLE I, 


Required the ſolidity of a log whoſe length ! is 195 feet, 
breadth 32, and thickneſs 20 inches. 


« The true method. 
The common method. | VEE: Duodecimally, 
| \, 

32 A 1 B59 19 6 
1 2 8 
2)52 390 39 © 

| TT 

26 ſide of the ſquare, 65 

26 e $2 "0: 
ol 1,6 — 

$2 — 52 © © 
— | 520 34 8 8 
676 — 1733 | 
19-5 1733 $6 8 9 
6684 | 
676 
144)131820(91 feet. 
1296 
222 
1 
— — N . Pes. 
1207806 inches. True 86 8 o 
72 NE Falſe 91 6 6 
| 6 parts. Error 4 10 6 
By the Sliding rule, DES, 


Set the rule and flip even at the ends; and over againſt hs | 
| area 
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area of the baſe on the flip you have the fide of the ſquare on 


the girt line; then the ſolidity is found, as above. 


Ex. 2. How many cubic feet are in a log of wood 40 feet 6 


inches long, the baſe being 32 inches by 20? An. 180 feet. 
Ex. 3. Required the content of a log of wood, whoſe length 
is 131 feet, and baſe 10 inches by 8. Anf. ) feet 4 in. 4 pts. 
Ex. 4. How many cubic feet are in a plank 12 feet long, 1 
foot broad, and 6 inches thick? Anſ. 16 feet g in. 3 pts. 10” 


Ex. 5. How many cubic feet are in a plank 20 feet long, the 


| baſe being 30 inches by 20? Anſ. 83 feet 4 inches. 
Ex. 6. How many cubic feet are in a log, whoſe length is 
I 5 feet 9 inches, the breadth being 12 inches by 5: 

Aiſſ. 6 feet 6 inches 9 pts. 


* 7. "FF the Folidiry of a tree, 10+ feet long, the 


baſe being 15 inches by 9. éAnſ. g feet 10 in. 1 prt. 6 


Ex. 8. Required the content of a log 16 feet long, 30 inches 
broad, and 18 thick. | Anſ. go leet. 


9. Required the folidity of a plank 19 feet 3 inches long, 9 


inches broad, and 6 inches thick. Anſ. 7 feet 2 in. 7 pts. 6”. 


Ex. o. How many cubic feet are in a plank 17 feet long, 


its baſe being 14 inches by 7? Anſ. 11 feet 6 in. 10 parts. 
Ex. 11. Required the content of a plank whoſe length is 
15 4 mh breadth 10 inches, and thickneſs 8 inches. 
: Anſ. 8 feet 7 inches 4 parts. 


Ex. 12. "SOR INE the folidity of a plank whoſe Jength is 19 


feet 10 inches, breadth 15 inches, and thickneſs 12 inches. 
Anſ. 24 feet g inches 6 parts. 


PROBLEM III. 


To fond FA folidity of round or e timber. 


RULE, 


ARTIFICERS MEASURING. 361 
RULE, common way. 
Multiply the ſquare of + of the 1 by the length, 
and the product will be the Oy: 
EXAMPLE I. 


Required the * of a tree whoſe : length is 32 font, and 
girt 60 inches. 


Decimally. Ducdecimally. 
| | | | F, In. 
2 of Co is 15 a3 e 
| „„ 1.25 3 
75 3998 22 8 
15 250" 8 © 
— „ 
225 . 40 0 
32 1.5625 1 
450 — 40 0 
675 31250 Io 0 
: W 46875 

144)7200(50 feet. — 50 6 

720 50-0000 

og 
By the Sliding rule. 


Set the length in feet on the ſlip to 12 on the girt line, and 
over againſt the ſide of the ſquare, (which is + of the girt) on 
the girt line, you have the content on the flip. 

Now, if we conſider the tree a ee its ſolidity may be 
und as follows. | 


1 4 e 7290 


362 ' ARTIFICERS MEASURING. 


The area of a circle, whoſe circumference is 1, is. 795 775; 
therefore, 


As 1* : 0705775 :: 3600 
3000 
477465000 
2387325 


286.4790000 area of the end, 
22 
5729 5 80000 
8594370000 


1449107. 3280000(63. 662 
804 R 
527 70'944 
2. :- 12 
2 
804 | 
892 


804 | | 
A F. Ins Pts. 


288 True content 63 7 11 
288 Falſe content 50% © © 


Error £235 11 


—— — 


By comparing the two methods above, we ſee that the com- 
mon way is 13 feet 7 inches 11 parts (which is nearly =) leſs 
than the true quantity. It is ſtrange that a method ſo abſurd, 
and ſo pernicious in its conſequences, ſhould ever be practiſed. 
The eaſe with which it is performed is perhaps the only argu- 
ment which can be alleged for uſing it.— The following rule 
will give the content extremely near the truth: It may be per- 
formed with equal eaſe with the falſe one, and ſhould on that 


account be univerſally uſed, 


RULE. 
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Multiply the ſquare of + of the girt by twice the length, and 
the product is the content very near the truth *. 


Circum. 60, of which the + is 12 


Twice the length, - 64 


14409216064 Ans. 
8064 
57e 


— — 


Ex. 2. Required the content when the girt is 4 feet 2 inch- 


| es and the length 15 feet. Anf. 20 feet 10 inches. 
Ex. 3. What is the ſolidity, when the girt is 55 inches, and 
the length 20 feet 6 inches? Anſ. 34 feet 5 inch. 5 pts. 


Ex. 4. Required the ſolidity of a tree whoſe girt is 6 feet 8 
inches, and length 16 feet 4 inches. 
Auſ. 58 feet o inch. 10 pts, 8“. 
Ex. 5. Required the ſolidity of a tree, the circumference be- 
ing 30 inches, and the length 6+ feet, Anf. 3 feet 3 inches. 
Ex. 6. Required the content of a tree whoſe girt is 35 inch- 
es, and length 17 fect 8 inches. 
Anſ. 12 feet o inches 3 pts. 4“. 
Ex. 7. The girt is 90 inches, and the length 19 feet, requi- 
ted the ſolidity. As. 85 feet 6 inches. 
Ex. 8. How many ſolid feet are in a tree whoſe girt is 95 
inches, and length 25 feet? Anſ. 125 feet 4 inches 2 pts, 
| 3A2 | 8 


4.9 By this rule theſe 9 examples are PT 


„ 
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Ex. g. How many ſolid feet are in a tree 5 feet 5g inches 
girt, and 20 feet long? © Anſ. 46 feet 11 inches 4 pts. 


e mam 


nn is that which is thicker and broader at the 
one end than at the other. 

When the tree tapers regularly, the dimenſions may be ta- 
ken at the middle for the mean dimenſions; or they may be ta- 
ken at both the ends, and half their ſum will be the mean di- 
menſions. | 

If the tree be very 3 the ie ought to be ta- 
ken at ſeveral equidiſtant places, and their ſum divided: Or 
the tree may be divided into a certain number of lengths, the 
content of each part found ſeparately, and their ſum will give 
the content of the whole. 

The mean girt of round tapering trees is found in the ſame 
manner. When trees have their bark on, it is cuſtomary to 
make an allowance, by deducting ſo much from the girt as is 
judged ſufficient to reduce it to ſuch girt as it would have with- 
out the bark. In oak, the allowance is generally Ang or Ar of 
the girt; but in elm, aſh, beech, &c. the bark not being fa 
thick, the deduction ought to be leſs. 


EXAMPLE I. 


A tapering- tree, whoſe length is 24 feet, the girt at the 
greater end being 7 feet, and at the leſs 1 foot; it is required 
to ſind its content according to the true method, alſo in the 
common way. 
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| "Twas. Common. 
Th. 8 The 4 girt is 1 
1 8 "3 1 
2)8 | 64 1 
— : 48 24 
— | | 512 N "04 
8 7 256 : 
30.72 
5 
F. In. Pts. 
8.64 True 320 8 3 
12 Common 24 © 0 o 
7.68 Error 6 8 7 8 
12 | | | | 
EXAMPLE II. 


A tree is girt in 6 different places, as follows :—In the firſt 
place, 9 feet; in the ſecond, 6 feet 8 inches; in the third, 5 
feet; in the fourth, 4 feet 9 inches; in the fifth, 4 feet 2 
inches; and in the ſixth, 3 feet 5 W. its ſolidity, 
its length being 124 feet. 


F. In, 1. 1 mean girt. 
. 80 1. 1 
6 8 ms 
5 © I2L 
4 9 25 
4 2 3 
383 1 
6033 © 
; 30. 25 
$15-5 mean gurt. 12 | 
8 7 3.00 An. 30 feet 3 inches. 


Mason- 
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|  Mason-WoRx. 


To Maſonry belongs all ſorts of was! paving and 
cauſewaying are meaſured by the ſquare yard. 

Digging for foundations or vaults i is te by che ſolid 
yard. 

Slabs, chimney-pieces, &c. by the 3 „ 

Stones for hewn-work, marble blocks, columns, &c. by the 
ſolid foot; but marble-facings by the ſuperactal 8 two inch- 
es being the ſtandard thickneſs. 

Hewn-work is generally meaſured by the ſuperficial foot. 
The dimenſions are taken by a meaſuring-line, which 1g bent 
into all the hollows, and over the projections, in order to af- 
certain the extent of furface which has been 18 by 92 
_ fool. 

Ruble-work is eſtimated by the rood of 36 ſquare . the 
ſtandard thickneſs is 2 feet; and walls of we other thickneſs 

muſt be reduced to that ſtandard. 

The value of materials is charged by the ſolid meaſure, and 
of, workmanſhip by the ſuperficial meaſure *. 

Circular work, arches, &c. are eſtimated double meafure. 
Deductions for all vacancies, ſuch as doors, windows, &c. are 
made with regard to 8 but none with 1egard to work- 


maninhip. | 
Different 


— 


* When the thickneſs is unequal in different parts, it muſt be reduced to the 
ſtandard of 2 feet, by making proper allowances on ſuch parts as are thicker or 
thinner than others. For example, if the gable of a bouſe is three feet thick, 
nd the ſuperficies, and to this ſuperficies add one half of the fame, 


4 
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Different methods are uſed in different places for taking the 

dimenſions of a houſe; and indeed of theſe there is ſuch a va- 
riety, that ſcarcely any general rule can be given. A meaſu- 
rer, therefore, before he proceeds to meaſure a houſe, ought 
to inform himſelf as to the nature of the agreement, the cuſ- 
toms of the place with regard to the method of taking dimen- 
ſions, and of making allowances. 
It is, however, a pretty general cuſtom to add one half the 
| thickneſs to the height of the ſide walls, as an allowance for the 
extraordinary trouble of levelling, and a foot for every belt. 
This allowance is given at the ſtated rate. 

A gable-end, where there are no vents, may be conſidered a 
triangle, and meaſured accordingly ; but when there are vents, 
it is a trapezoid, and ought to be e by the rule for its 
proper form. 

Chimney ſtalks are meaſured by n one-half the 
girt by the height. 


EXAMPLE. I. 


Required the ſolid content of a wall whoſe length is 53 feet 
$ inches, its height being 12+ feet, and thickneſs 3 feet. 


F. In. 

53 8 

a. 0 
644 © 1 © i-th 
26 10 93018 9 
670 10. 36)335 3 
8 | | N 

955 911 3 9 
272012 6 


1006 3 Anſ. 9 roods 11 yards 3 feet 9 inches. 


3018 9 ſtandard, 3 


. 
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Ex. 2. Required the content of a wall whoſe length is 60 
feet 9 inches, its ra 10 feet 3 inches, and thickneſs 2+ 
feet. Anſ. 15 56.718 feet. 

Ex. 3. In a raters the length of each jamb is 4 
feet 4 inches, breadth of both together 1 foot ꝙ inches, length 

of the mantle and flab each 4 feet 6 inches, breadth of both 
together 3 feet 2 inches—required the content. 

HEM 85 21 feet 10 inches. 


BRICKLAYERS-WORK, 


In Scotland, brick-work is meaſured by the ſquare yard—in 
England, by the ſquare rod, which is 16.5 long, and conſe- 
quently contains 272. 25 ſquare feet ; but 272 is + oe e- 
ſteemed ſufficiently accurate. 

Brick-work is of ſtandard thickneſs, when the 3 is the 
length of one brick and the breadth of another, thick. Brick 
walls of other — muſt be reduced to that ſtandard by the 


following 
RULE. 
Multiply the ſuperficial content of the wall by the number of 


half bricks in the thickneſs; divide the product by 3, and the 
quotient is the content, reduced to ſtandard thickneſs. 


| EXAMPLE I. 


A brick wall is 36 feet 6 inches long, and 17 feet 3 inches 
high, and 5 + INE . che content. | 


36.5 
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36. 5 
I 7-25 
1825 
73⁰ 


2555: 
PE... 


629. 625 contents | 
11 half bricks, 


35925. 875 


272) 2308. 625(8 rods. 
| 21 76 


68)132.625(1 quarter. 


N Anſ. 8 rel quarter at. feet. 


Ex. 2. A brick wall is 345 feet long, 174 feet TEY aid 52 . 
bricks thick how many rods of brick ? | 
5 Anſ. 19 rods 2 quarters 3 5 feet. 
Ex. 3. If each ſide wall of a building be 45 feet long on the 
outſide, each end wall 15 feet broad on the inſide, the height 
of the building 20 feet, and the gable at each end of the wall 6 
feet high, the whole being two bricks thick—required the con- 
tent. | | Anſ. 12.1701, 


. 
— — — 
* 


| PrLaisTERERS WORK. 


PLAISTERERsS work is of two kinds, viz. plaiſtering upon 
walls, called rendering; and plaiſtering upon laths, called ceil- 
ing. Deductions are made for doors, 2 &c. All is 
mcaſured by the ſquare yard. | 3 | 
"238 EXAMPLE 


.F 
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EXAMPLE I. 


| The length of a partition is 22 feet, and height 12,—how 
many yards of plaiſter-work are in it? 


F. 
22 | ; 
I2 8 | * 8 


99264 8 5 
20.3 Anſ. 29 ſq. yds. 3 feet. 


Ex. 2. If a ceiling be 594 feet long, and 24% feet broad— 
how many yards? Au. 162.652 ſquare yards. 
Ex. 3. How many yards, rendering and ceiling, in a room 
282 feet Jong, I 32 broad, and 8 high £ „ | 

Anſ. 117 yards 3 feet 9 inches, 


CaRPENTERS WoRK, 


CaRPENT ERS or joiners work is that of flooring, roofing, 
partitioning, &c. and is either meaineed by the ſquare yard, or 
by the ſquare of 100 feet. 

Doors and window-ſhutters are reckoned work 1} half- 
work. If thé door be pannelled on both ſides it is eſteemed 
double work. For the architrave, gird it about the outmoſt 
part for its length; meaſure over it as far as can be ſeen, when 
the door is open, for the breadth. In the meaſuring of roofing, 
for workmanſhip alone, {ky-lights and holes for chimney-ſhafts 
are deducted; but when for workmanſhip and materials toge- 


ers no ö 18 _ 
Stairs 
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Stairs may be meaſured in. the following manner :—Take 
the breadth of all the ſteps, and make a line ply over them 
from top to bottom; multiply the * of tas Ine * he 
3 of a. ſtep for the area. 


EXAMPLE * 


"Mo floor is 50 feet long and 28 hen broad—how many 
ſquares? 


28 
502 
1400 | EPA 1 . nt 


100) 1414 
Anſ. 14 ſquares 14 feet. 


Ex. 2. If a houſe within walls be 44 feet 6 inches long, and 18 
feet 3 inches broad, how many ſquares of roofing will cover it ? 
| Anf. 12 ſquares 18 feet. 
It is cuſtomary to conſider the roof as a 1 and half a flat 
taken within walls. 


Sr. . 


TILERS AND SLATERS WoRK: 


Tax content of a tiled roof is found by multiplying the 
length by the girt from eave to eave; and that of a flate roof | 
by multiplying the length by the girt plied over the CAVES, to 
meet the wall sor eave boards. 


\ 8 | | 4 1 #4 | 
3B2 | 1 
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| In ſome places, double meaſure i is allowed for hips, "les 
gutters, &c. and no deduction for NN 


EXAMPLE L. 


A late roof is 30 feet long 110 26 feet over how many 
ſquares are in it? | 


F. 1. 


ä | a 
1 6 the allowance for the eaves. 


8 ; 


* Ic0)825 0 


Anſ. 8. ſquares 2 25 feet. 


Ex. 2. How many ſquares tiling in a roof 35+ feet deep, and 
whoſe length is 48 ? Anf. 16 ſquares 92 feet. 
Ex. 3. How much lating in a pavilion roof, with a platform 
zo feet long and 30 broad at the eaves, and 30 feet long by 10 
at the platform ; 14 feet from the platform to the eaves, taken 

the ſhorteft way, and 172 along the hips? | 
Anſ. 5 roods 317 kk 


GLazitrs WoRK. 


. GLAZIERS take their dimenſions in feet, inches, and parts. 
All circular, triangular, &c. windows, are meaſured as if 
they were ſquares ; and the greateſt lengths and breadths are 
taken on account of the trouble * waſte of glaſs attending 


dhe cutting. - 
EXAMPLE. 


F 
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A houſe with 3 rows of windows, 5 in a row, the dimen- 
lions of the firſt row is 6 feet 4 inches by 4 feet 2 inches; of 
the ſecond row, 5 feet 9g by the ſame breadth ; of the third, 5 
feet 3 inches, ſame breadth ; alſo a ſemicircular window above 
the door, whoſe height is 2 feet required the expence of 
glazing, at 1s. per ſquare foot. 


F. In. F. In- F. In. K 
6 4 5 9 1 1 
4 2 9 41 8 4 

25 4 1 21 © 
1838 0 41 6 x ( 

26 4 8 2311 6 21 10 6 
3 3 5 

131 11:4. | 219% 9 6 ie 4:6 
5 * 525 


| hy * is 
- Firſt flat ies 131 11 43 
Second ditto, — 119 9 6 
6 


Third ditto, = 109 4 5 Ht 
That above the door 8 
369 1 4 


Which, at IS. per ſquare foot, amounts to 181. 98. 14d. 


— —Ü—. x —rsvK5rX-sͥ -w⁵— u 
— —gLV—F— — 


PAINTERS WORK. 
PaiNTERs work is meaſured in the ſame manner as that of 
carpenters ; and, in taking the dimenſions, the line muſt be 
bent into all the hollows, and over all the projections, in order 
1 | a 
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to aſcertain 'the ſurface which has been touched with the bruſh. 
The painting of the bars of windows is reckoned whole work, 
it being troubleſome ; and railing a whole ſurface painted on 
both ſides. Doors, window-ſhutters,: &c. are reckoned double 
| work. Deductions are to be made for chimnies, caſements, 
&c. - 
„ ENA LE I. 

The height of a room is 12 feet 9 inches, circumference 60 
feet how many ſquare yards of painting ? | 


N 12.75 

60 

9765.0 
Anſ. 85 + yards. 


Ex. 2. The height of a room is 11 feet 7 inches, circumfer- 
ence 74 feet 10 inches, the door 7 feet 6 inches by 3 feet 9 
inches, 5 window-ſhutters, each 6 feet 8 inches by 3 feet 4 
inches, the breaks in the windows 14 inches deep and 8 feet 
high; the chimney 6 feet 9 inches by 5 feet; a cloſet, the 
height of the room, 34 feet deep and 4 feet 9 inches in front, 
with ſhelving, at 22 feet 6 inches by 10 inches, painted on both 
lides,—what will the whole amount to, at 6d. per ſquare yard? 

| Anſ. 3). 148. _ 


MisckLLANEOUS QUESTIONS. 
An 1. 


What will the ſide of a abe be, how. the Galen and * 
city are capretied by the lame „ Anſ. 6. 
| 2. K 
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2. A ciſtern 25 feet long, 15 broad, and 10 feet deep, is to 
be enlarged, ſo as to contain four times the quantity, its depth 
will be 72- feet, and the ſides in the proportion of 3 to gj re- 


yoo the ſides. Anſ. 34.64ro13, and 57. 735020 feet. 
3. Required wid diameter of a globe equal to a cube, whoſe 
fide is 6. | 450 7.43. 


4. Three men, Wright, Smith, and Turner, bought a grind- 
ing ſtone of 60 inches diameter; Wright and Smith paid equal 
ſhares, and Turner one-half ſhare each partner is to grind the 
ſtone in his turn, firſt Wright, then Smith, and Turner laſt. 
How much of the diameter ought each to grind down for his 
. ſhare? Wright=13.525 inches 

| t 5 An * =19.640 
Purner=26.835 

& What is the diameter of a cylinder when the cylindric area 
is expreſſed by the ſame number with the ſolidity? Anſ 4. 

6. My wright made me a ladder of ſuch a length, that, by 
planting it on a ftrect 70 feet wide, it will reach a window on 


one ſide 40. feet high; by turning it over, without moving the 


foot, it will do the ſame by a window 30 feet required the 
length of the ladder. | | Anſ. 50 lect. - - 

7. My copperſmith ed to make me a flat - bottomed ket- 
tle, that ſhould contain 135 ale gallons: The depth. of the 
kettle is 12 inches, the top and bottom diameters are in the 
| proportion of 5 to 3 required the diameters. f 


Aa. The hea1 diam. 2 5 . 
The bottom 15 


8. What — to be the depth of a tub whoſe baſe and 

head diameters are 20 and 10, to contain 9163 ſolid inches? 
f Anſ. 50 inches. 

9. There i is a * 1 1822 5 ſolid feet, the height is 

5 times the thickneſs, the length is 8 times the height; re- 

quired the thickneſs of the wall. Ani. 4-5 feet. 

IM A tree 100 Feet high, en on a horizontal lane, | 

was 


Fi 
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was broke by a tempeſtuous wind, ſo that the upper part of it 


firuck the ground 30 feet from its root ; required the length 
of the part broke oft. An. 545% feet. 
ir. A ſquare within a circle contains 16 ſquare vards re- 
quired the area of a ſquare circumſcrived about che ſame cir- 
— ä Ani 32 ſquare yards. 
12. The cubical FER at Delphos was 1 cubit required the 
fide of the new altar, which was to be twice that fize, and of 
the ſame form. nf. 1.259921 cubits. 
13. The ceiling of a room, at 6d. per tquire yard, amount- 


ed to 2b. 105. z the breadth is ab age required the length. 


| Anſ. 40 feet. 
14. A man left two daughters; ordered by his will that the 
eldeft ſhould have annually the reat of a ſquare field, and the 
younger the rent of a circular ona; the rent of each field, at 
20s. per acre, would exactly furronnd it in ſhillings, allowing 
one inch to cach ſhilling ;—required tha portion of each of the 
daughters. 5 | 
N 3 Ts Girl's annual income is 8 3 
| xe ſecond, - 1970611. 5s. 2d. 
15. A gentleman had a garder. turrounded by a terrace 
walk; the length of the garden is 525 yards, and the breadth 
400 yards; the walk was equal to g of the garden ;—required 
the breadth of the walk. Af. 13.6809 yards. 
16. A gentleman has a garden io f:ei long and 80 broad, 
but intends to make a walk half round it that ſhall take up half 
the ground ;—regv!ied the breadth of the walk. 
| Anſ. 25. 96876. 
17. The length of a room is 40 feet. aud breadth 30 feet; 
the expen tc of painting the walls, at 6d. per ſquare yard, is 71. 
required the height of the room. Anſ. 18 feet high. 
18. The diameter of a malt buſhel i is 13 inches, and its depth 
38,7 inches; wit ought to be the depth when the diameter is 
29 inches ? | Anſ. 6.8448 inches. 
5 0 19. Three 
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19. Three farmers, A, B, and o had each an ual ſhare of 


a triangular field, whoſe baſe, being a river, meaſured half an 


Engliſh mile, its content being 120 acres :. the marches were 


drawn parallel to the baſe. No C had his ſhare next the ri- 
ver, B the middle diviſion, and A the reſt. They agreed with 
an undertaker to dig a ditch from the top of A's diviſion per- 
pendicular to the river fide. The breadth of the ditch at a me- 
dium is 6 feet, and depth 4+ feet. Required the undertaker's 
charge againſt each of the three farmers, at 4d. per ſolid yard. 
A pays 381. 28 23d. 
Anf B pays 151. 158. 72d. 
pays 121. 28. 2d. 

20. One horſe chaiſe, in turning round a ring, it was ob. 
ſzrved that the outer wheel made three turns for every two of 
the inner wheel. The height of the wheels being 4+ feet, and 
diſtance 5 feet, required the area of the ſpace or ring included 
betwirt the tracts of the wheels. Anſ. 392.7 ſquare feet. 

21. The pilding of a ball, at 3d. per ſquare inch, coft as 
much as the buying of it at 1d. per cubical inch : It is required 
to find its diameter. Anſ. 18 inches. 

22. A cone, whoſe height is 40 inches, is to be divided into 
three equal parts, x; ſections paralle! to the baſe; required 


the height of cacti. ES The upper part is 27.73. 
Anſ. J The middle part 7.21. 
The lower part 5.06. 


23. What length of a plank, that is 10 inches broad, will 
make 44 ſquare Ch: ? Anſ. 5 feet 4+ inches. 
24. What length of a log of wood, that is 15 inches broad 
and 11 inches thick, will be equal to 10 cubical feet? 
| Anſ. 8 feet 84 4 inches. 
29. What length of a cord will ſtrike off e part of a 
circular pond, whoſe diameter is 40 yards? Anſ. 38.5696 yds. 
26. Two men, A and B, bought a round piece of wood, e- 
qually thick throughout. A paid one-third ſhare, B the reſt. 
A prepoſes to have a {Ep the whole length of the tree, for his 
2.0 : ſhare: 
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ſhare. At what diſtance from the centre muſt the line be 
ſtruck, the diameter being 40 inches ? | 
An, 45 inches, or A will cut off 15 5x5 of the diameter, 
27. A leaden pipe of 4 inches bore weighs 20 Ib. averdupois 
Her foot in length ;—required the thickneſs, the ſpecific gravity 
of lead being 11325. Auf. .3014 inches, 
28. If fimilar ſolids be to one another in the triplicate ratio 
of their homologous ſides, and the weight of an iron ball of 3 
inches diameter be 94 lb.— required the weight of a ball of 6 
inches diameter. | Anſ. 32.025 lb. 
29. If water iſſue through an orifice with the ſame velocity 
that a heavy body would acquire in falling freely from the ſur- 
face of the water to the level of the oriſice; and ſuppoſing a 
ſhip to have been bored through by a 32 pounder, 8 feet below 
water; it is required to determine what weight of water ſhe 
will draw in 10 minutes. Anſ. 13 ton 2 cwr. 3 qr. 245 lb. 
30. Suppoſing three wheels, A, B, and C, ſo combined that 
three revolutions of A will drive B five times round, and ſeven 
revolutions of B will drive C nine times round, it is required to 
find the leaſt number of teeth neceſſary to regulate the abore 
motion.  aAnſ. A 15, Bg, and C 7 teeth, 
31. Upon the ſame ſuppoſition, it is required to determine 
the number of revolutions each muſt take before the ſame teeth 
be in conjunction.  Arf. A takes 21, B 35, and C 45. 
32. A milſtone of 5 feet diameter ſtrikes ſeconds ; how 
many miles would ſhe run upon edge at the ſame rate in ſeven 
days ? | An, 1799 miles 2 f. 97 p. 
33. The ſame conditions being given, in what time would 
ſhe go round the terraqueous globe, its diameter being 7958 
mules ? | Anſ. 97 days 6 hours 20 min 48 ſec. 
34. Suppoſing Loch Tay to be ſupplied ſo as to diſcharge 2 
river 100 yards broad and 3 yards deep, flowing at the rate of 


3 miles per hour, it 1s required. to determine haw far below the 
ſurface 


0 


8 
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| ſurface an orifice of a ſquare yard ought to be, to diſcharge an 


equal quantity. | Anſ. 3249 feet. 
35- The times in which'penduiums vibrate are as the ſquare 


root of their lengths; and if a pendulum of 39.128 inches vi- 


brate ſeconds, how many [wings will a pendulum of 156.512 


inches take in an hour? _ Anſ.. 30. 
35. Required the bengen of a pendulum that vibrates half ſe- 
conds. Anſ. 9.782 inches. 


37. My plamber has ſold me Coo yards leaden pipes, of 4 
inches bore and + thick, at 168. per cwt.; at the fame time he 
purchaſed a garden in the form of a rightangled triangle, of 
ſuch dimenſions that the difference between the hypothenuſe 
and the ſum of the two other ſides was 30 yards. I, being a 
gardener, have undertaken to make a circular fiſh-pond in the 
garden to touch the three ſides, at 6d. per ſolid yard, and find, 
upon the balance, 731. 1 38. gd. due to him; required the 


depth of the pond. - Anſ. 3 yards, or ꝗ feet. 
38. What length of a ridge 6 ells bene will make 10 falls ? 
| Anſ. 60 ells 


39. If a pipe of 4 inches diameter is ſufficient to ſupply a 
town with water, required the diameter of a pipe, fimilarly ſi- 


tuated with the former, that ſhall ſerve, after the town is en- 


creaſed by one half. | Anſ. 4. 899 inches. 

40. The ſame town, after being ſo encreaſed, to fave expen- 

ces, intends to be ſupplied from the old pipe; at what depth 
in the reſervoir muſt it be placed, it being formerly 4 feet deep? 
| Anſ. 9 feet. 

Given the two ſides of an acute angled triangle 40 and 

4 e ; required the included angle, and the third fide, that 


the n may contain 4 acres of land. 


| Anſ. 320 14', and 33.84 poles. 
42. Two porters agreed to drink off a quart of ſtrong beer 
between them, at a draught each. Now the firſt having drank 
till hy ſurface of the liquor touched the *. edge of the 
32 bottom 
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bottom of the quart pot, and gave the remaining part of it to 
the other, what was the difference of their ſhares, ſuppoſing | 
the pot was the fruſtum of a cone, the depth being 5.7 inches, 
the diameter at the = 3-7 inches, and that of the bottom 4.23 
inches? | Anſ. 7.07 cubic inches. 
43. A heavy body is dropt into an empty pit; ten ſeconds | 
of time elapſed before the ſound from the bottom was heard, 
It is required to find the depth of the pit. Anſ. 1273 feet. 
44. If a heavy ſphere, whoſe diameter is 4 inches, be put 
into a conisal glaſs full of water, whoſe diameter is 5 inches 
and depth 6 inches, how many cubic inches of water will run 
over? Ai. 26. 16743 36 inches. 
45. A gentleman has a rectangular piece of ground which 
he intends for a bowling-green. it being a regular declivity of 
30”, the ſlant fide meaſured 500 feet, the other 433 feet; re- 
quired the expence of levelling it, one pan with another, at 3d. 
per cubic yard. fo, Anf 271 l. 168. 32 d. 
46. The fame bowling-green being levelled, required the ex- 
_ of dreſſing it it at t d. _ ET foot. - 
Anſ. 1021. 178. 244. 
47- An old ita bought a field in the form of a 
parabola, the length of the baſe or ordinate being 3000 links, 
and of the axis or abſciſſa 2 500. He built a ſummer-houſe 9 
chaiĩn- lengths diſtant from the ordinate, and 2 chain- lengths 
from the abſciſſa; and ordered by his will, that the field ſhould 
be divided between his two ſons, by the leaſt line that could 
be drawn through the ſummer-houſe, terminating both ways 
by the parabolic curve; required how much land each of the 


ſons mhall have. , f, Che one will have 25 ac. 2 r. 16 falls. 
An 
The ether; 224 ac. 1 r. 24 falls. 


- 48: Mia ciſtern can be filled with water ſrom one cock in 2 
hours, and from another in 8 hours, in what time will it be 
filled by both cocks running together? Anſ. 4 hours 48 min. 

49- The Ades of a — ane, at 6d. a yard, coſt as 

much 
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much as the incloſing at 58. a yl; required its extent. 
Alnſ. 40 yards. 
50. An army being drawn up in a ſquare, there were 79 o- 
ver; but in attempting to enlarge each ſide of the ſquare by 
one man, there was a dehiciency of 80; required the number 
of men. | 8 Anſ. 6241 men. 
51. An oblong pond was ſurrounded by a terrace-walk 7 
yards broad ; the pond meaſured 1500 ſquare yards, and the 
walk 3696 ſquare yards; required the length and breadth ef 
the pond. Anſ. 100 by 150 feet. 


42. A gardener and his ſervant being at work, each digs a a 
ſquare piece of ground, whoſe ſide is as many feet long as the 


labourer is years old. The gardener digged four times the 
quantity the ſervant digged. The ſum of their ages was 45 
years: Required their ages, and the quantity dug by each. 


An * The lad's age is 15—the gardener's 30 years. 
| | The lad dug 225 ſquare feet—the gardener goo. 


53. A rectangular plantation of 360 acres, contains 435600 


trees; required the diſtance of the trees. Anf. 6 feet. 


54 How many trees can be planted in the ſame area, at the 


diſtance of 12 feet ? | Anſ. rto8g00. 
55. The ſanctuary at Butis in Egypt! is formed of one ſtone, 
in the form of a cube of 60 feet, open at the top, and hollow- 
ed ſo as to leave the ſtone 6 feet thick; required the weight, 
at the rate of 2520 averdupois ounces per cubic foot. 
| Anſe 64394 tons. 
56. Two reigns — A and B, had a circular 
piece ground, containing 785 acres 1 rood 24 poles, whereof 
A has two-thirds and B the reſt.” They agreed with a maſon 
to build a mutual wall on the march at a guinea per yard, and 
that each ſhould pay the expence in proportion to his ſhare of 
the ground. It is required to find the maſon's charge againſt 
each of the gentiemen. A pays 1484.4984]. 
4 [IE 5 ry F ay 4 
57-4 


_—_— 
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57. A circular pond occupies half an Engliſh acre ; required 
the perimetcr of a ſquare circumſcribed about the pond. 
|  Anſ. 1009 links. 
5B, Three farmers, A, B, and C, had each an incloſure. 
B's incloſure contains 100 Engliſh acres. A's incloſure, and 
that of B's, are together 1+ times as large as that of C's; and 
B's and C's are together 34 times as * as that of As; re- 
quired the extent of A's and C's | 
Anſ. A had 60 acres and C 120. 
59. bone A incloſure, as in laſt queſtion, to be in the 
form of a rhomuus, and one of its acute angles 307%, required 
the expence of incloſing it with a wall 6 feet high, 1+ feet 
thick, at 5 guineas ou rood, ſtandard meaſure. 
X Anſ. 423 391 guineas. 
60. The pit wheel of a meal-mill contains 60 cogs, and 
makes 16 revolutions in a minute. It drives a trundle of 8 
teeth. How many revolutions will the ſtone make per minute? 
Anſ. 120 revolutions. 
Gt. The advantage gained by water-falls of different heights 
is as the ſquare root of the heights. Now, ſuppoſing a fall of 
4 feet ſufficient to overcome 10 cwt. 3 qr. 7 lb. of friction, 
what friction will the ſame quautity of water overcome from a 
fall of 16 feet ? Ali. 1 ton 1 cwt. 2 qrs. 14 lb. 
62. A wright engaged to build a common corn-mill under 
the following reſtrictions. The ſtone muſt revolve 75 times 
per minute; the trundles to have 8 rungs, the driver 80 cogs, 
and the fall 16 feet high, Required the diameter of the water- 
wheel to produce the greateſt effect poſſible. 
Anſ. 13 feet 6 inches 11 pts. 8”. 
Note. The greateſt effect is obtained when the float-boards 
move with one-third the velocity of the impinging fluid. 
63. A tapering round tree 1o feet long, whoſe diameter at 
the greater end is 3 fect, at the leſs 2 feet, being hurled down 


a regular declivity deſcribes a ſegment of a circle. How far 
diſtant 
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diſtant from the greater end is the centre of the ſegment? 


Anſ. 30 feet. 


64. A barrel is filled aa pure ſpirits, and weighs, when 
full, 66 lb. How many gallons does it contain, allowing 6 lb. 
for the weight of the barr.1? Anſ. 8.29 gallons. 
65. A column of the atmoſphere, whoſe baſe is a ſquare 
inch, weighs 15 Ib.; and ſuppoſing the atmoſphere to preſs e- 
qually in all dire&ions,—required the preſſure upon a middle- 
fized man, whoſe ſurface may be reckoned 16 ſquare feet. 
Anſ. za 560 lb. 
66. Suppoſe the atmoſphere, i in a mean ſtate, balance mercu- 
ry in the barometer 29+ inches high, required the height to 


which water may be raiſed by means of a pump, the ſtate of 


the atmoſphere being the ſame. · Anſ. 342 feet. 
67. Suppoſe the earth's mean diſtance from the fn is 82 


millions of miles, and goes round him in 365 days 5 hours 49 


| minutes, at what rate does it travel per hour? 
Anſ. 58776 miles. 


68. Light paſſes from the ſun to the earth in 8 minutes 15 
ſeconds of time, and the velocity of the earth in its orbit is 


58776 miles per hour; required the proportion they bear to 


each other. 


993933 is to 079.6. 


60. In what time would the earth fall to the ſun at the rate 


of 58776 miles per hour? 
Anf. 58 days 3 "wa 7 minutes 38 ſeconds. 
70. The paving of a ſquare inſcribed in a ſemicircle, whoſe 
ſide coincides with the diameter, and whoſe oppoſite angles are 
in the circumference, at gd- per ſquare foot, coſt 331. 158. re- 
quired the diameter of the circle. Alnſ. 22.3606 yards. 
71. A triangle, whoſe three ſides are 800, 640, and 360 
fect, is inſcribed in a circle; it is required to find the diame- 
ter of the circle. A. 820. 211 feet. 


72. The 
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72. The three fides of a triangular pyramid are 31 2, 360 and 


96, and altitude 100 feet; it is required to find the ſolidity of 


a cone circumſcribed about the pyramid, and whoſe altitude is 
equal to that of the pyramid. Anf* 3981978 cuhic feet. 
73. Required the dimenſions of a cone, whoſe area of the 
baſe, curve ſuperficies, and ſolid content, are in geometrical 
progreſſion, and the area of the baſe equal to the rectangle of 
the baſe's diameter and axis. 
Anſ. The diameter of the cone's baſe 1s 24.7036, and axis 
19-4022. 
74- The area of an equilateral triangle being 720, required 
the fide. A4. 40.7776. 
75. Suppoſe I have a circular incloſüre of an acre of ground, 
how long ought à cord be, that, faſtened. in the circumfer- 
ence of the incloſure as centre, will ſtrike an arch that wil. di- 
vide the ſaid incloſure into two equal parts? 
4300 45-47898 yards- 
76. A reſervoir is ſupplied from à pipe of 6 inches bore. 
How many pipes of 3 inches bore wil be ſufficient to diſcharge 


the ſame quantity ? | a, ©. Pipes. 
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3 Arca is a general method of computation, by which ma- 


ay uſeful problems in geometry and arithmetic are ſolved, 
which, without its aid, would be impoſſible. The principles on 
which the rules are founded are ſimilar to thoſe in common a- 
rithmetic. 1 | 

Certain ſymbols and characters are admitted into this ſcience, 
to give it that extent and excellence which it poſſeſſes above all 
other methods of computation. Through all the ſteps of an 
algebraic operation, theſe ſymbols may be fo conducted as to 
be preſerved diſtinctly in view, with their relations and affec- 
tions to each other, and at laſt to produce a canon, or general 
rule, by which not only the queſtion propoſed is ſolved, but 
every other queſtion of the like conditions. Whereas, in the 


courſe of an arithmetical operation, the original numbers dif- 


appear. 


NOTATION. 


+ 1,—Algebraic ſigns only affect thoſe ſymbols to which they 

are prefixed. 1 | 
2,—Quantity is that which is made up of parts, or is capable 
of being encreaſed by addition or diminiſhed by ſubtraction. 
Hence a quantity may be introduced into an a!gebraic compu- 
3D | tation 
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tation two different ways, either as a decrement, or as an in- 
crement, that is, as a negative quantity, or as a poſitive one. 


SIGNS. 


3 + (plus) ſignifies 3 or chat the quantity to 
which it is prefixed is poſitive . 

— minus ſigniſies Subtraction, or that the quantity to 
which it is prefixed is negative. 
x ſignifies Multiplication +. 
= ſignifies Diviſion. 
= Equal to, or the ſign of equality. 


3 7 the radical fi En denotes the ſquare root of the quan- 
tity annexed. 

4.—A quantity may be ropreſeinigh by: any ſymbol or charac 
bs It is, however, a pretty general cuſtom to uſe the firſt let- 
ters of the alphabet, a, ö, c, &c. for known quantities, and the 
laſt letters, x, y, 2, for unknown ones. In the following com 
pendium we will follow the general method. | 
To examplify thefe ſigns, let us ſuppoſe a=3, b=8, c=12, 
d=10, eg, m=6, pri, and 5=5. 

5.—Then the ſum of a and 5 is repreſented thus, a+b=11. 


The difference of d and 2 — - dg. 
. The 


When no ſign is prefixed to a quantity, + is underſtood. 


+ When no ſign i is placed between two n X is un- 
derſtood . | 
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The product of a multiplied by c*, - dN or de=36. 


The quotient of d divided by * = dr g or—=2] 
| s 
The ſquare root of ac, - — ml Ys 


6. Plus and minus are always oppoſed to each other. Thus, 


if + ſignifies gain, — ſignihes loſs; if + ſignifies ſtock, — 


ſignifies debt; if + ſignifies a poſitive quantity, — ſigniſtes a 
negative one. And ſo on. 
J. When letters are placed together without any fign be- 


tween them, they denote the rectangle or product of the quan- 
tities they repreſent. Thus, the product of a into b is ab=24. 


A number prefixed to any quantity is underſtood to multiply 


the quantity, and is called its co-effcient. Thus, 6Ga=18. . 
38. Diviſion is often repreſented by placing the dividend in 


the form of a numerator; and the diviſor in that of a denomi- 


nator, Thus, 5 divided by a is — = 4 = 23. 
| a 


. 9-—The continual multiplication of quantities, by others of E 


the Jike kind and dimenſion, is called powers of that quantity, 


and are commonly expreſſed by ſmall numbers placed at the 
corners of the letters, called indices, or exponents. Thus, the 
ſquare of a is a?, the cube a3, the fourth power a*, &c. The 


exponent of the original quantity, or root, is unity, and is ſel- 
dom or never expreſled. 


10.—Quantities of the like dimenſions, which, by their ſuc». 


ceſſive multiplication, produce any. given quantity, are called 
roots of the given quantity. Thus, a is the ſquare root 22. 
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ALGEBRA. 
Exerciſes for practice. 


2a4+b=2 x 3+8=14. | 

bc+d=8 x 12+106=106. 
bc 8* 12 | | 
— = —— — 232. 


a 8 


T . X 10—3 x 6+144=246- 


pa + 144—64=86. 


S 

4 FT. 

A 

245 3248 

1 3 . 8 17 

22—6 32—8 1 | 
ADDITION. | 


RuLE I. 


11. When the quantities are alike, and their ſigns the fame, 
add the co-efficients, and to the Tum Ng the ſign, and annex 


the common letter or letters 
RuLs II. When the quantities are alike, but their ſigns dif- 


ferent, ſubtract the leſſer co- efficient from the greater; to 
their difference prefix the ſign of the greater, and annex the 


common letter or letters. 
RLE III. When the quantities x are unlike, write them one 


after another, with their proper ſigns and coefficients. 


By RuLE * 
Ex. 1½, 1 | 3a, 
- a4#6 Am—Nn 
ga 9ga+2b 5M—3n 
7a 4a+36 An 


=—— : 
£1 : 
AF * * 2 % 4 


Ex. 5th ak 7th, 94h. | 
J I  : 8 —gab—4c+de 
2c ＋ 85 — a6  ++2ab—3ade 14. 


—4 —.. a7... 1 
In example 8th, the articles are to be arranged, ſo that like 


may ſtand under like. 
By RULE II. | 
Ex. 9th, roth, ; I ith, | 127555 
2435 22 acdl ce — 
2c+b ad ben bd 
a+2c+26 d- ad (ebe En 29 
Examples for practice. 
I, 1 24, i 5 34, 
ae 932aþ46 4a*+36 
3a ＋² 2-35 Ja—b? 
4th, 515, 5 8 6th, nth, 
422 a- ble c+a—b ab + 2 
ga 2b—a+b | d—c—a 36—c 
8h, 8 1175. 
Toa +c a%—3 -a b abgd—c 
c—8d —c3+ ab d+ a—c at—c—gd 


© SUBTRACTION. 


SUBTRACTION.. 
| RuLe.. 
12. Change che Ggns of the ſubtrahend, or ſuppoſe them 
changed, then proceed as in addition. „ 


Ex. 1/f, . ath, 
7a 6a —b "4ab 
—6a 4b. | 7 —Jbc 
13%/ſ Ca- 4 6 agab+3bc 
oth, 6th, "th 
3a.+6 qac—5b- —44—3e 
1 zach 25 get 34. 
20.25 ac—7b —7d—8e 
| Examples for pra@ice. 
na+36b ac——5b é a-—c+67 
2 ..j] | —2a+56b 30 
47, «th, 6th. 
124 — 126 a+b gac—;ab 
3 8 


— 


The reaſon of the foregoing rule is obvious; for if from any 
quantity a decrement be ſubtracted, it is the ſame as adding an 
equal increment. For example, If a man owe look more than 
his ſtock, the ſtate of his affairs may be repreſented — 100l-- 
or he is 100]. worſe than nothing. But if another add 100l. to 
his. ffock, it is the ſame thing as taking away his debt, for in 

eicher of theſe caſes he will be worth nothing. 


MULTI-, 


MULTIPLICATION. 
RuLs. 
14.—Multiply the 3 and to their product annex 
che letters of both factors together. If the ſigns of the factors 


be like, the ſign of their product is +; but if the ſigns-of the 
factors be unlike, the bgn of the 2 is —. 


_ Ex. iſt, EE 3d, 
7ab — Jab —32 
10cd +6. —B8c —2b 
noabcd —ab —241C _ +6a4b 


15,—Powers of the ſame root are multiplied by _— their 
exponents. 


Ex. if, 2d, 3d, | 4th, 
a „„ ab 2d 4 6 
a? a233g3 a 3343 
— — — —— * 
a” 4259 4 a h*;8 


- Radical quantities, under the like ſign, are multiplied 
like others, and the product is 3 under the ſame ſign. 


Ex. ict, 2d, 3d. 
Va 4. Vs 
3 a* 7d 4 
5 3Val 4 a? Vabed 4256 


17.—If one or both factors be comgonne, multiply each. 


term of the multiplicand **. all the terms of the multiplier ſuc- 
| cellively: 
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ceſſively, and the ſum of the particular * will be che pro- 
duct required. 


Ex. if, £ bs | 
abb—3e Za Ta b—a3d—8b 
| _ ab -— 

abab2—zabe ts Ce Te 416 
3d, ath, 
ab 3a 5 
ab 2a—b 
42. ＋6 | 6a?+2ab 
| $ab46? — 
t e 
| 5th, GZh. 


i... 


am tom cm- an- bu en a? +ab 


13.-—If one of the factors be a fraction, multiply its nume- 
rator by the other faCtor, and oe the product over the given 
denominator. 5 | 


7 gar + 1206 
X22 NN 12 
5 


6 6 


19. It both factors be fractions, multiply their numerators 
for the numerator of the product, and their denominators for 


the 
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the denominator of the product. If the ſame letters occur in 
both numerator and denominator, they may be expunged 
without altering the value. 


A. 2 8 5 
25.7800" ab a arab 


| BS BEE E 


| 6ꝙ.U © 422 52 3232 ab® 
ba i, =4 — — 
VV E W 2x 


_ 2 —_— 
r 993 


8 5 — — — — 
n — — * n * ” — = 0 5 . —. 2 
. a 4 C X P ”. * 1 y 
_ . - — = * 4 — N - 7 1 
1 2 - = + — „ þ bats — vs TIRE wr Roti ad, + © = — 
OED wr — — = F t- ALS - — 8 . * "tes = 22 
3 8 * * I . Ba io 8 4 — 5 "Rape" — a — : 
—— — — . SS 5 — 2 8 A ere n - * — — =_ = 
Fe y ns g 1 8 8 - þ . fr On — — l © > y — = 
_ ——— * 45 og . . ey * 4 8 8 r Re = 223 4 5 f 
n — SR 1 3 5 


F — —. 2 22 
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 Dreftions for practice. 


Ex, | > 
1. multiply a+6 by 3c 
2.  be—4b by 34 
3. a o by 42 +d 
4 — by b—-m 
| 9 | 
ws ES. «ous a 
* — bb 
5 ys 
6. gab—cd—m by 3ab 


4 : 
5 
_—_— "yy 


9. a5 ah aVd 
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DIVISION. 
RULE. 
20.—Place the dividend in the form of a numerator, and the 
diviſor in that of a denominator ; expunge like quantities from 


both, and divide the coefficients by the greateſt common mea- 
ſure. Like ſigns give +, nalike give — 


Lx. 1. Divide 345 by * 3ab 


Ex. 2. Divide —abc by —36c, —abe —a 


5 23 
Ex. 3. Divide ax by 12 ba, 4a N 
3 — 3b 
21. Powers of the Gs root are divided by ſubtraCting their 
exponents. 
Ex. 1. Divide a* by * a3 
Zr | 4 a* 
Ex. 2. Divide 4453. by 4262 as 
; | — 
Om „ 
Ex. 3. Divide 57 d by 4 54. b*c*'d td 


— — 


a%b*c* a3 


22. If the dividend be a compound quantity, all its parts 
muſt be arranged according to the dimenſions of ſome of its 
letters; the diviſor alſo muſt be arranged according to the di- 
menſions of the ſame letters : Then divide the firſt term of the 
dividend by the firſt term of the diviſor ; if compound, multi- 

„ | | ply 
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ply the whole diviſor by the quotient ; from the dividend ſub- 
tract the product, and the remainder ſhall give a new dividend; 
then proceed as before. | 


Ex. 1- a+8)a242ab+b2(a4b 
_ a*+ab 


ab4b? ; 
ab 462 


O 


Ex. 2. — 3 —y3(x2 +xy+yÞ 
| * 3 —x2y 


* 295 


y 2 . 
* 17 | A 
"es | Fre 
xy=—y 
” 
or EF us 7 


4 - 


5 
h 
x3+x2yþ xy? 
| 2 A 3 
— 2 tar, 


203 + proof. 


23- It ſometimes happens that the operation may be conti- 
nued without end, in which caſc the * is called an in- 
mite ſeries. | 


3E2 | 1 
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Ex 
* I. — | 
Ly 4 * 7 | 
| (1 
| a 
| b+ a+ 


Fon 
a 
3 
ee 
Ter 
a 
3 i 
23 
43— 
—41 
$5 ; 
HM 2. 
17 wy l 
0 2 
a | 0 2 
— EEE . 
; 3 4 
75 "= 
Px” == | 
1 
* P | 
| y 
Fd 
y* 
a td a 
K* 7: 
- . | 
* 
a+ 
Uh 
** 12 
| bag 
a x6 
5 
x6 &c 


24. 
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24. Here, in * two foregoing exaitipilch, tie quotients 


obſcrve a certain law, which, if attended to, will enable us, | 


aſter - obtaining a few terms, to extend the quotient to any 
length without dividing further. Thus the firſt quotient is 
1+a+a* +43 +a*, &c. Now, if we obſerve, that in each term 


the power of a encreaſes by unity, we may continue to add to 


the former quogent +a*+4* nn Taꝰ; and ſo on to infi- 
nity. 

The quotient, in the ſecond example, may alſo be extended, 
by o'-ſerving that the powers of the numerators encreaſe in the 
ſeries of the odd numbers, and thoſe of the denominators in the 
ſeries of the even numbers. a 


— 


25. To divide fractions, multiply the numerator of the di- 


viſor by the denominator of the dividend for the denominator 
of the quotient, ind multiply the denominator of the diviſor 


by the numerator of the dividend for the numerator of the 
quotient. If one of them be a whole quantity, it may be 


brought into the form of a a irattion A* placing 1 for its deno- 


minator. * 
Ex. iſt, 6 3 
aN bc 3 ab\ b2 png cb 
„ 1 ad a%bd ad 
3d, ath, | 5th. 
*) ll c 9 x ps mers 16c 
17 b ab #1. 4 4b/ 3b* gab ga 


Examples 
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Examples for practice. : 
Ex. 1. Divide 36c buy 2ae 
2. gbac - | by be 
* a* —þ* by a—b 
J. „3473 bby a—b 
OE a +3a%43aet? +63 by ab 
6. a? +62 by a+6 
77. 42—52 by a+b 
* 33 
8. — by ab 
2b 2a | 
9 a3b3c by a243 
INVOLU TION. 


26. Involution is performed by the ſucceſſive wakiplication 
of any quantity into itſelf. A quantity multiplied into itſelf 
produces the ſquare of the ſame; and the ſquare multiplied a- 
gain by the original quantity produces the cube of the ſame; 
and that cube again multiplied by the root gives the biquadra- 

tic power. And ſo on. | 


27. Simple quantities are involved by multiplying their ex- 
ponents by that of the power, and prefixing a like power of the 
coefficient. Thus, the ſquare of b is 52; the cube of 8a is 


12. 


28. Poſitive roots give poſitive powers ; but negative roots 
give poſitive and negative powers by turns. 


29. 
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29. Any two quantities connected by the ſign +, are call- 
ed a Binomial; but if connected by the ſign —, a Reſidual. 


| EXAMPLE I. 


Required the ſquare, cube, biquadratic, ſurſolid, and fixth 
power of a+6. 


—— 


602 Cache =ſquare. 
ove. | 
28.452 5 
— 
a®+30%b43ab? + $35 Se ube, 
- | | 4a 
2 ＋J325-T30502-T0b 
+ a3%b+3a*67+3ab® oof 


"_w 356322 +4ab +64 =biquadratie 
a+ | 

a* +4a*b+6a b2+402b3+ab* 
e be base + 4b. 45. 

as TS tl +1 obs LS 5 =farſolid. | 
5 2 7 

de rc. 10855-T 542614 ＋ abb 

456 sa- hb oN 1042545 ab? _ 


e 5d 2083+ 5a2b4-þ-6ab? +55 Soth power. 


EXAMPLE 


EXAMPLE II. 
equired the ſquare, cube, and biquadratic powers of ab, 


— 
2—5 


ds 
—ab 4b 
a*—2ab-b? 


a—b 


a%—2a% + ab* 
— aZ%b+2ab* —b3 

42 —34 b+3ab* —b3 
a —b 


| a*—3a%+30* b* — ab 
— a%4+3a* b*—3ab36+ 


— — — 


at —4a%+6a* b2—gab34-54 


30. It appears by reviewing theſe examples, that all the 
terms of the powers of a binomial are poſitive ; but the terms 
of the powers of a reſidual are poſitive and negative alternate- 
ly, the firſt poſitive, the ſecond negative; the third poſitive, 
the fourth negative; and ſo on, + and — by turns. Alſo, 
that the ſum of the exponents of à and h, in any of the inter- 
mediate terms, is equal to the exponent of the firſt or laſt 
term; and that the exponent of the firſt or of the laſt term is 
1 equal to that of the power. In the -firft term 5 is wanting, 
and the power of à in every ſucceeding term decreaſes regular- 
ly by 1; and that of 5 encreaſes in each term by 1, until à diſ- 


* 


appear. 
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The coefficient of the firſt term is 1: The coefficient of the 
ſecond term is equal to the exponent of the firſt. One or more 
terms being found, the cofficient of the next ſucceeding term 
may be diſcovered in this manner: Multiply the exponent of a 
in the laſt term by the coefficient of the ſame ; divide the pro- 
duct by the number of terms already made up, and the quot 
will be the coefficient required. | 


31. From theſe obſervations we may infer the following 
rule, commonly called the as, or the Binomial Theorem, by 
which we may involve either a binomial or a | reſidual root to a 
power of any dimenſion. | 

RuLE 95 
rſt, To find the Ac. term of the power. 


Multiply the exponerit of a in the root by that of the power, 
for the firſt term of the power required. 


- 


2d, Ti fad the ſecond term of the power. | 


Multiply the exponent of à in the firſt term by the coefficient 
of the ſame, divide the product by the number of terms alrea- 
dy found: the quotient will be the coefficient of the ſecond 
term of the power; then diminiſh the exponent of a, and en- 
creaſe the exponent of b, each by 1, for the ſecond term. 


3d, To find the third term of the power. 


Multiply the exponent of a in the ſecond term by the coefh- 
cient of the ſame; divide the product by 2, (the number of 


terms already found); the quotient gives the coefficient of the 


third term; then decreaſe the exponent of à in the ſecond term, 
and encreaſe that of © in the ſame, each by unity, for the third 
term. 


3 F | _— 


<> —— — 
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_ 4th, To find the fourth term. 


Multiply . exponent of a in the third term bs the 1 
of the ſame; ; divide the product by 3, (the number of terms 
already found); the quotient is the coefficient of the next 
term; then take off a power of a and bring on a power of 6, 
for the fourth term of the power complete: Continue this pro- 
ceſs till all the powers of a are exhauſted, and the power of“ 
be equal to that of che power required. 


EVOLUTION. 


32. Evolution is the operation by which roots are diſcoyer- 
ed, and is always oppoſed to Involution. 
Roots are quantities by whoſe ſucceſſive multiplication given 
powers are produced. 


33. The roots of ſimple quantities are extracted, by 1 
ding the exponent of the power by the exponent of the root te- 
quired. Thus, the cube root of a3 is a, of 80 is 26*. 

The reaſon of this is deduced from $ 27. 


34. Rules for extracting roots of compound quantities are 
deduced from a review of the ſteps by which they are involved. 
Thus, the ſquare of a+6 is a?-þ2a6+4* ; that is, the ſquare of 
any two quantities is equal to the ſquares of each of the quan- 
tities, together with twice their product. See Euclid, Book 2d, 
propoſition 4th. Therefore when a quantity is propoſed, whoſe 


ſquare root is a compound quantity, you are firſt to arrange the 


terms as taught in diviſion, (5 22.) 


. Let the ſquare root of a +2ab +6? be required, 
fab * (a-+b | 


* 


2a S2eb4b2 
2ab462 


— — — 


We 


e 
0 
Pk 


The ſollowing TAN EE exhibits the firſt nine powers of the 9 digits. 


* . / 


- 


d 
2 
& 
2 — ; . . | 
5 11ſt power, | | 5 1 : | | | 
* J. 3 4 9 6 "I 8 9 
S Root. | 1 | +: | | 8 | va 
E Square. 8 4 | 9 16 25 36 „ 0 
E : Cube. | ey 8 27 ö 64 125 | 216 | 343 * C72 729 
* #1 * 85 1 3 5 
= Z Biquadr. | 1 81 | 256 "O28 2 8 2401 4096 6501 
© E Zurſolid. 1 1 243] 1024 N | 7776 168907 32768 | 59049 
Tx | 1 ES | | 4% | | 
< 5 Cube ſq. I 64] 729| 4096 | 15025 _ 117649 262144 53144 
© | | | | | 
"Wa | | | 1 
S 5 ch power] 1128 2187 16384 | 78125 279936 | 823543] 2097152 | 4782969 
; : 18th power 1 * 65614 __— 390625 1679616 | 5764801 | 16777216 | 43046721 
= S 2th power | 1 | 512 | 19633 | 202144 | 1953125 ] 10077696 | 40353607 134217728 387428 
£ 8 | | | | | | | 
5 
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RULEs for extracting the ſquare root. 


I. Divide the given number into periods of two figures, 
reckoning from the unit's place, 

II. Find the greateſt root contained in the left hand period, 

and place it as the firſt figure of the root : SubtraQ its ſquare 
from the ſaid period, and to the remainder bring down the 
next period for a reſolvend. 

III. Double the#firſt part of the root for the firſt part of the 
diviſor, and enquire how often this part is contained in the re- 
ſolvend, neglecting the right hand place; the quot gives the 
next figure of the root. 2 | 
| IV. Annex the quotient alſo to the diviſor, and multiply this 
number by the quotient ; ſubtract the product from the reſol- 
vend, and to the remainder, if any, bring down the next peri- 
od for a new reſolvend. 


V. Uſe the laſt diviſor for the firſt part of a new one, 3 | 
ling the right hand figure; then proceed as before. 


Note Every period gives a figure in the root. 


Ex. I. Required the ſquare root of 2025. 


2025 (45 root. 45 root. 
16 = | 1 
85) 425 reſolvend. 225 
25 a 180 
e 3 2025 proof. 


Here enquire for the greateſt root contained in the firſt pe- 
riod 20, which is 4, thew-place it as the firſt figure of the root, 
and ſubtract its ſquare (16) from 20; to the remainder 4 an- 
nex the next period 25 for a reſolvend; then divide 42 (neglect- 


ing : 


a 


ing the 5) by twice 4 or 8, and place the quotient 5 in the 
root; alſo annex it to 8, and multiply this 85 by 5, the laſt fi- 
gure of the root. And ſubtract this product from the re- 
ſolvend ; and ſince there is no remainder, 2025 is an exact 
ſquare, of which 45 is the root, | 


Ex. II. Required the ſquare root of 58264. 


58264(024 1.37 


4823018300 
14469 


48267)383 100 
337869 


45231 rem. 


37. If, * the given number is exhauſted, there be a re- 
mainder, annex periods of cyphers thereto, and continue the o— 
peration till the decimal part of the root terminate, repeat or 
circulate, or till you think proper to limit it. 


38. RuLes for extr 4 the ſquare root of Oo PRES or 
| mixi numbers. : 


Extract the ſquare woot ef the 8 and of the denomi- 
nator for their reſpective terms of the root required. Thus the 


N 8 
ſquare = of "Heh Or, 


3 Gere 5 
39. 
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39. If the numerator and denominator of the fraction pro- 
poled be not complete powers, place the ſquare root of their 
product over the given denominator, and reduce this new frac- 
tion to its loweſt terms for the fractional root required. Thus, 


25 X36 S co | Vgoo 30 5 | 
1 "” * 3 wer as ore. Or, 


40. Rodnce the fraction to a decimal, and r its ſquare 
root. * 1 


28 5 
—>= 69416 and 5 69416 — we, cn” 
3 


41. In mixt numbers it will be beſt to reduce the fractional 
part to a decimal, to which prefix the integral part, and extract 
the ſquare root of the whole. Thus, 


V122 3%, or rather, Ty 2.25=3-5 


= ExTRACTION OF THE CUBE Roor. 
Required the cube root of a3+3a* b+3ab* +03. 


e 


43 


gel, +63 . 
38! INC” 


2 


The 
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32. The following rules are inferred from the foregoing o- 
_ peration. 
RULES. 


I. Divide the given number into periods of three places, be- 


ginning at the unit place; each period gives a figure of the 


root. 


it as the firſt figure of the root; ſubtract its cube from the firſt 


period, and to the remainder annex the next period for a reſol- 


"ves © x 
III. To three times the ſquare of the firſt part of the root 
annex two cyphers for the firſt part of the diviſor. 

IV. Enquire how often this number is contained in the re- 
ſolvend, and place the reſult as the next figure of the root. 

V. To the product of the firſt and ſecond parts of the root 
annex a cypher for the ſecond part of the diviſor, and ſquare 
the laſt part of the root for the remaining part of the diviſor : 
the ſum of theſe three parts will be the diviſor complete. 

VI. Multiply this ſum by the laſt part of the root, and ſub- 
tract the product from the reſolvend: if there be more periods, 
annex the next to the remainder, and proceed as before. 

If, after all the periods are uſed, there happen to be a re- 
mainder, annex periods of cyphers as before directed, 5 27. 


EXAMPLE. Required the cube root of 15625. 


15625025 
8 f 
3a = Oo | 762% 
3. 300 
KA 25 
3a +3ab-þb* 1525 
b 5 7025 


24230 Is „ 


497. 


.. Fines — —— ̃ nat — - - * - 2 ” 


II. Find the greateſt cube root of the firſt period, and place 


PER ct * 1 ** We. Sc = 
„ 
r r. — 7 — 


— By 
—_— 


— — 7 
5 $ n 
— In add ei oa ef 
* — oy © -- 


7 wn, 
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43. The number of cyphers annexed to the firſt part of the 
_ diviſor is leſs by unity than the exponent of the power propo- 
ſed ; for 2=a, the firſt part of the root, (in regard another fi- 
gure is to follow) occupies the place of tens, it is therefore e- 
qual 20. Hence it is plain, that 3a? or 202 x 3=1200, the 
firſt part of the diviſor ; and ſince 5=b6, that 3ab, or 3X 20 * 

==300, the ſecond part of the diviſor ; alſo that b2=5*=25, 
the laſt part ; likewiſe that the firſt part of the root is conſider- 
ably greater than ny other figure. 


44. The reaſon of the rule will appear, if we take the caſe 
where the root conſiſts of 2 places a+b. Let the given num- 
ber be repreſented by 45 þ3a%b+3ab?+b? ; and if we place a, 
the cube root of a?, in the root, and ſubtract as from the given 
number, the remainder or reſolvend will be 3a*b43ab? +63; 
and ſince it has been ſhewn, that à in the root is conſiderably 
greater than , it will follow that 3425, the firſt part of the re- 
ſolvend, will be the greateſt part of it. If, therefore, 342 be 
divided by 3a?, it will quot 5, the other part of the root ſought, 
by the help of which the diviſor may be completed ; but fince 
all the parts of the diviſor are multiplied by the laſt figure of 
the root, the diviſor will be 3a*+3ab-þt?, HORS 2 is obtained 
by dividing each term by b, | 


N. B. If the root conſiſts of more than two places, a repre- 
ſents all the places found ; and, by repeating the operation for 
a new diviſor, the other part 5 may be found as before ; and 
fo on. | 


ExAMPLE 
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E xAurtLE 2. What is the cube root of 99252847 


The diviſor. 3 99252847(463 f 40=a & G | 
za*+3ab+6? 0 = RT 
 gaZþo0+0=4800 | 35252 
zabþo0= 720 
8 22 36 
bX 30 =3ab+b*=5556X6= 33336 TE 
34*þ0+0==634800. 1916847 now 460=a & 3=b 
Zab+o= 4140 
„ 
bx 3a*-+3ab+82=638949 X 3 =1916847 
1 8 2 


EpaurlE 3. Required the cube root of. 373248. 


$373248(.72 | here a=70 & b=2 
| „ | | 
14700 | 30248 
420 
+ 
15124 & 2= 30248 
| > 


In this example the given number is a decimal, and deci- 
« 0 . . . 
mals are pointed by beginning at the decimal point, and paſſ- 
ing over as many places towards the right hand as there are u- 
nits in the exponent of the root required. 


45 · General Rule for extracting any root. 
Having divided the given number into proper periods, in- 


volve a like power of a+b with the number propoſed. Put 
| 30 equal 
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equal to the exponent of the root. Place the value of a in the 
root, and ſubtract the value of a from the firſt period; then 
expunge ö out of every term of the reſolvend. This will give 
2 general diviſor that will anſwer a power of any dimenſion., 


Note. a*= is always the trial diviſor. 


Required the biquadratic root of 1679616. 


The diviſor is 443 +6a24+4abZ4h3 


1679616(36 
44 2 108000 3809616 
6a2b= 32400 
gab? = 4320 
416 | i | 
„ 144936 XxX 6 = 869616 


Required the ſurſolid root of 60466176. 


The diviſor 5. + 10a%+ 10a%2+5ab3 444 


60466176036 
243 
5a#=4050000 | 36166176 
Toa%b=1620c00 l 
10a = 324000 | 
 gab3I= 32400 
1496 


— 


| 6027696X6 = 36166176 


Required 


— — 


- 
” 0 
5 n r PF 3 J- — 
— ̃¶ ͤKrFrʃ. . ,]§⏑§‚Ü—ßrti 7, ,, 
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i Required the root of 887 503081, being the ſixth power. 


'The diviſor 64 +1 50 Lac ＋＋1 5a? b34-6ab*+b5 


—— . — tee ence 
i” I ©. - 3 * 1 5 7 2 p > ls ed _ 
£2? .. „ of — rr — — 
— oge 1 — Þ Db w E — COP 
2 L — == — > <= ..— —_ - : 


5575 03687031 la 

64 =145800000 158503681 A 

I a” 1215Cco00 | il 
 20a%?= 540000 # 
15a*b*= 13500 io 
Cab 180 1 
= Os I 112 


158503681 X T2 158503681 
If the foregoing examples be well underſtood, the learner 


will be able to inveſtigate theorems for extracting higher roots. 
We will now ſubjoin a few mixt examples for practice. 


Ex. 1. Required the ſquare root of 144 Arf. 12 
1 FCP 
3 of 5776 Anſ. 76. 
4. EL of 2985984 Anſ. 172.8 
F. Required the cube root of 138242 Anſ. 24. 
6. | of 13312053 Anſ. 237. 
7 of 1906624 An. 124. 
8. of 34582249. 5 12 Anſ. 3258 
9. biquadratic root of 6612 1117378539877 4%. $0709 
10 ſurſolid root of 33554432 „ 
xt. as eighth root of 28179280429056 Au. 48 
12. the ſquare root of me | Ans. 1.4142+ 
13. the cube root of 2 nearly Ai. 1.148699+ 


14. An army of 7744 men was drawn up in a ſquare. Re- 
quired the number of men in each rank. An/. 88 men. 
| ed 5 


: 
q 
' 
} 
| 
| .. 
7 
* 
| 
ö 
5 
: 
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15. A maltſter had a round malt-kiln of 16 feet diameter, 
but is to build a ſquare one that will contain 3 times as 
much. The ſide of the new kiln is required. 

An 24.5557 feet. 

16. The ſolidity of a ſphere is 47016 cubic inches. Requi- 
red the fide of a cube whoſe content is equal to it. 

Anf. 36 inches. 


46. PROPORTION. 
When two quantities of the ſame kind are compared, their 


relation or ratio is obtained by enquiring how often the firſt 
contains the ſecond. Thus, the ratio of 12 to 4 is 3 of 4 to 


3 is 133 and of 3 to 8 is 2, or. 375. 


47. When four quantities, a, 5, c, d, are proportional, it is 


- uſually expreſſed by ſaying, the firſt is to the fecond as the 


third is to the fourth; or, a: b:: c: q, and the quantities are 
ſaid to be in geometrical proportion. 


48. The quantity whoſe ratio is enquired it into 1s called the 
antecedent, and the quantity, with winch it is compared, the 
conſequent. 


49. The firſt and third terms, à and c, are called antece- 
dents. : = > | 

The ſecond and fourth, h and d, are called the conſequents. 

The firſt and fourth terms, a and d, are called the extremes. 

The ſecond and third terms, b and c, are called the means. 


50. If a: 5: :: d, the product of the means, is equal to the 
product of the extremes, Euclid vi. 16. thus ad bc. 


51. If the product of two quantities, ad, be equal to the pro- 
duct of two others, bc, the quantities are proportional, and 


41 D c to; that] is a factor of the firſt is to a factor of the 
ſecond 
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fecond as the remaining factor of the ſecond is to the temain- 
ing factor of * firſt. Euclid, vi. 16. 


be ad 
$2. If o: re: 78 then «= and <=; that is, the pro- 


C 


duet of the means divided by either extreme quotes the other 


extreme, and the product of the extremes, divided by either of 
the means, quots the other mean. 


53. If a: b: c: , they will remain proportionals under the 
following varieties. 2 v. Definitions. | 


| Thus, 42: 61: 
Alternando, a: c:: 5: 
Invertendo, 5: 4: : c 


:4 . Componendo, a: :: cd: d 
4 Dividendo, a—b:b::od:d 
:d 


In all theſe varieties, the product of the means is * to 
that of the extremes. 


54 EQUATIONS. 


An equation is a propoſition aſſerting the equality of two 
quantities; it is uſually expreſſed by the fign=. Thus, 
2 X6=12, or bd=e. 


55. AXIOMS. 


1: Quantities that are equal to one and the fame quantity 
are equal to each other. 


2. If equal quantities be added to equal quantities the ſums 
are equal. | 


3- If equal quantities be taken from equal quantities, the re- 


mainders are equal. 


4. Quant'ties 


Convertendo, a: Ow 10: _ 


414 ALGEBRA. 


4. Quantities which are double of the ſame. quantity are e- 
= and the contrary. 


5. If equal quantities be multiplied by the ſame r the 
products are equal. | 


6. If equal quantities be divided by the fame quantity, the. 
quotes are equal. 


7. Like powers of equal roots are equal. 


8. Like roots of equal quantities are equal. 


56. The value of an unknown quantity is ſound by changing 
the form of the equation till it ſtand alone on one ſide, and the 
known quantities on the other. But it frequently happens 
that the unknown quantity is variouſly combined with others, 
and ſo its value not eaſily diſcovered: We ſhall therefore lay 
down a few general rules for the ſolution of equations, and 


which depend on the foregoing axioms. 


RuLEs. 


1. A quantity is ſaid to be tranſpoſed, if it be taken from one 
fide of the equation to the other with the oppoſite ſign. Thus, 
2446, and 4=6—2. Ax. III. 
2. If the unknown quantity be multiplied by any other quan- | 

tity, divide both ſides of the equation by that other quantity. 
b |: 
Thus, if ax =, then x= — Ax. VI. 
| Pe 

3- If the unknown quantity be divided by any other quanti- 
ty, multiply both ſides of the equation by the diviſor. Thus, if 
— , then ab. Ax. V. | 
a 

4: If that member of the equation which involves the un- 
known 
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known quantity be a ſurd root, make that member ſtand alone 
on one fide of the on Rs remove the radical fign, and raiſe 


the other ſide to the edrreſponding power. Thus, Vai 6 


Vax=a—h, by the rule a a tr Ax. VII. and 


then, 

VIII. 
5. If the ſame quantity be found on both ſides of the equa- 

tion, with the ſame ſign prefixed, expunge it from both. | 
6. If a:5::c:d, an equation is obtained by aſſerting the 


* of the means equal to that of the extremes. 
Wan I. 


A perſon being aſked his, age, anſwers, If to 4 my age you 
add triple my age, the ſum will be 100. Required his age. 


| SARI his age x years. 


x 
Then E his age will be — 
3 


And three times * age zu 
= 


The ſum of theſe is — + 3x=100 
Bs 3 1 


By Rule zd, £ K O 
By addition, Io 300 


By Rule 2d, * 30 years old. 


ExAurLE II. 


From London to Edinburgh, by the Carliſle road, is 399 
miles. A meſſenger is diſpatched trom Edinburgh, who tra- 
vels at the rate of 36 miles per day: and, after fix days, ano- 
ther i is diſpatched fi from London | lo meet the former, who tra- 


vels 


Ws | aan. 


vels 25 miles per day. Required their diſtance from London 
when they meet, and how many days will the latter take. 


Basuppoſe they meet in » days, then, 
The firſt travels 365 ＋ 216 


— ; 
Dy queſt. 36x+2 16425x=390 
 G1x#=183 
= days 


And 3 x 25=75 miles from London. 


| | ExAMpLE III. 5 | 

Suppoſe a meſſenger, who travels 334 miles per day, is dif- 
patched, and after 8 days another is fent on horſeback to over- 
take the former, who rides 80 miles a day, how many days 
does each travel before the port 18 overtaken! ? 


Suppoſe in * days. 
33:75x+270=807 _ 
270=40. 25X | 
=<. 83778 d. 20 h. 6m. 


ExAMpLER IV. 

Suppoſe the ſun to proceed one degree per day in the ecclip- 
tic, and the moon 139, and that the ſun is in the beginning of 
Capricorn, and after three days the moon enters Aries. Re- 
quired the place of their next conjunction. 


When the moon enters Aries the ſun i is advanced 273 from 


Aries. | : . 
x+273=13% LT 224 days 
2732 F136 06 3 
224% days. — 
257 


That is, the next conjunction will be in 2 62 45' of Capricorn. 
ExaMeLE 
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ExamPeLE V. 


A merchant, ſending an adventure to ſea, doubled his ſtock 3 

by his ſecond voyage he loſt 1 200l.; by his third he doubled 
his remaining ſtock, and by his fourth loſt 1200]. ; after which 
he had nothing left. Required his original ſtock, | 


Suppoſe his ſtock x pounds. 


By his It voyage, 2x | 
—— 24d voyage, 2— 1200 
— 3d voyage. 4x 2400 
— 4th voyage, 4x—1 209—2400=0 ber queſt. 
4x==3000 
x= gool. his original ſtock. 


When there are two unknown quantities, the conditions 
muſt be ſuch as to afford two equations; from each of theſe e- 
quations exterminate one of the unknown quantities; then 
form a new equation, by placing its values equal to one ano- 
ther. This new equation contains only one unknown quanti- 
ty, and is reſolved as before. 


EXAMPLE I. 


Two men diſcourſing of their money, ſays A to B, give me 
4 ſhillings and I ſhall have three times as much as you have. 
B ſaid, Give me G ſhillings of yours, and each of us will have | 
equal ſhares. Required how much each had. 5 , 


- Shppoſs A had x and B y ſhillings. | 
Anſ. x==20, and =. „ = 


32H11 ExAMPpLE 
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EXAMPLE II. 


Two travellers, A and B, met at an inn. A aſked B how 
far he had travelled. B anſwered, that he had travelled ſo ma- 
ny miles and furlongs. Well, ſays A, I travelled only half 
that diſtance; and the number of miles I travelled correſponds 
with your furlongs, and my furlongs with your miles. How 
far did each travel ? | | 


Let x repreſent the miles, y the furlongs. 
Then A travels 8x+y 


and B 89+x 
8x+y- 
8x+y=16y-+2x 
Ox=1Igy 


Therefore x:y: (15:6) 5: 2 
B travels 5 miles 2 furlongs. 
A 2 miles 5 furlongs. 


ExameLE III. 


Two merchants, A and B, began trade with equal ſtocks; 
but A, by frugality and application, gained Gol. while B, 
through miſmanagement and bad luck, loft 8ol. At the year's 
end A was 8 times richer than B. Required their original 

ſtock. * Anfſ. 100l. 5 


QOADRATIC EMPA TIONS. 


When the ſquare and the root of the unknown quantity are 
joined together, it is called an adfected quadratic equation. 


Rull. 
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RuLE. 


Tranſpoſe the quantities till the unknown quantity ſtand on 
one fide of the equation. Divide both ſides by the coefficient 


of the ſquare of the unknown quantity. Add the ſquare of one 


half the coefficient of the ſimple power to both ſides of the e- 
quation. Extract the ſquare root, and tranſpoſe the half coef- 
ficient, which gives the value of the unknown quantity. 


ExaMeLET. 
5 Required two numbers whoſe ſum is 16, and product 48. 


x+y=16 
xy=48 

x=16—y 

X=48 


— 


3 
5 
y*—169= —48 
Per Rule, $—16y+64=16 
7216576410 | 
 $—8=4 | | * 
y=8+4 


Required two numbers whoſe product is 108, and ſum of 
their ſquares 360. 


3 H 2 | | Suppoſe 


1 
1 
# 
4 ; 
T5 
my 
. 
y 
; 
a 
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| Suppoſe x the leſs and y the greater. 
xy=108 | | 
x2+y*=360 | 
5 =1 082 
= 
$2=360—x2 
360—x*=1 1664. 


* | 
x*—-360x?= —11664 Subſtitute 2 for * 
Then, z?—360z= —11664 
2*—3002432400=20736 
2—180=144 | 


QuEesTIoNs FoR PRACTICE. 


1. A man and his wife did uſually drink out a barrel of beer 
in 12 days; and they found, by often experience, that the wife 
being abſent, the man drank it out in 20 days. In how many 
days would the wite alone drink it out at her rate of drinking ? 

Anf. 30 days. 
Two ſhips, A and B, loaded with the fame ſort of wine, 
ailag by a paſs, they were obliged to pay toll according to the 
quantity each had on board. A had 250 hogſheads, out of 
which ſhe paid 1 hogſhead, and 36 ſhillings more. B had 400 
hogſheads, out of which ſhe paid 2 hogſheads, and received 
back 20 ſhillings. Required at what rate the wine was valued | 
per hogſhead. Te Anſ. Al. 14s. 


Suppoſe the minute and hour hands of a common clock to 
| 3 be 
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be in conjunction, i in how many hours will they be in conjunc- 
tion again ? Anſ. In 14+ hour. 

4. Required two numbers, ſuch that the quot of the greater 
divided by the leſſer may be 2 leſs than their difference, and 
their product may exceed their ſum by 20. Anſ. 8 and 4. 

5. A boy is offered 10 apples for a penny, and 25 pears for 
2d: He agreed to buy 100 apples and pears together for 94d. 
Required the number of each” Anſ. 75 apples and 25 pears. 
6. Required two numbers whoſe ſum is 108, and proportion 
19 to 4. 8 Anſ. 60 be 


LITERAL EQUATIONS. 


| Tn literal equations unknown quantities are repreſented by 
x, y, 2, as before; known quantities by a, b, c, d, &c. The 
rules for tranſpoſing and exterminating quantities are the ſame 
as above. When the value of the unknown quantity 1s thus 
diſcovered, we obtain a general theorem, which will ſerve for 
the ſolution of all queſtions under the like conditions. 


EXAMPLE I. 


Required a theorem for determining two nanny whoſe 
ſum, , and difference, d, are given. 


Let x be the greater and y the lefs- 


os 
* Ad And by exterminating > the value 
X=5—y of x will be - 4 


_—_ PI 
$—y=d+y | 
4 ＋d 


In 
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In words. From half the "EY, ſubtract half the . 
ence, the remainder will be the leſs. 
To half the ſum add half the difference, the ſum will be the 


greater. | 
Ex. 2. The powers or forces of three different agents being gi- 
ven, to find a general theorem for determining the time in n which 


they would, all three together, produce a given effect. 


| 
| 


| We aid saber, A, B, and C, have undertaken a piece 
| of work, which A could perform in a days, B in ; days, and C 
in c days. In what time will they perform it, if all the three 


work together ? 


Suppoſe i in x 5 
Then A's ſhare. B's. Cu 
* . 
"a 7 b c- 
x TL ax + ax 
_ — 2 4 
b c 
be + ax ++ bax 
— 2 ab 
| | c 
cbx + cax ＋ bax = abc 
; abc 
pe cb Cc ; 


The rule obtained may be tranſlated thus. Divide the pro- 
duct of the three given times by the ſum of the products of 


each two taken r 


3. Required a theorem for determining two numbers, whoſe 
ſym ( and ſum of their — (q) are given. 


Anſ. 


an 423 


Anf. tot Vin be 


Tranſ. From half the ſum of their ſquares ſubtract + the 
ſquare of their ſum, and to the ſquare root or the remainder 
add or ſubtract the half ſum for the numbers required. 

In like manner any other theorem may be tranſlated. 


4. Required a theorem for determining two numbers x and 55 
vhoſe product, p, and proportion a to b, are given. 


—— 


Anſ. x the greater —=Vap 


b 
the leſs. = Vos. 
a 


$. Required a theorem for . two numbers, x and . 
whoſe ſum, e, and proportion à to 6, are given. 


a 
Anſe © th ter 
22 * the greater = oy” 
| bs 
3 me leſs = 7 1 


6. Required 2 theorem for determining two numbers x and y, 
whoſe ſum, , and product, Pr are given. 


Anſ. 4+ 4 — 


7: Required a theorem for determining two numbers, x and y, 
whoſe proportion, a to 5, and the ſum of their ſquares, cubes, 
&e. are * 


Let 


* 
— —A— — — —— —— 2 —ä 
— 2 — K _— —__ 
+ TC - 2 * — « 2 


— 


— — — 
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Let u denote the exponent of the power. 
| — 
Anſ. x the greater = * s | 
| . 
y the leſs be 


BI an 


8. Required a theorem for determining the time and place 
in which two bodies, moving towards each other, will meet, 
their velocity, their diſtance, and the difference of the time of 
their firſt motion, being given. 

Put a = the velocity of the one, 
5 = the velocity of the other, 
d = their diſtance, and 
z = the time the one moves before the other. ; 


da— 


Anſ. bY ga = wo time of cheit meeting. 


And the product of the velocity of either body, multiplied by 
the time of its motion, will give the ſpace paſſed over, and con- 


Jy ſequently the place of meeting. 


GEOMETRICAL PROBLEMS: 


When a geometrical problem or queſtion is propoſed you 
are firſt to conſtruct a figure repreſenting the true one; pre- 
pare the figure (if neceſſary) by drawing more lines as you ſee 
cauſe, according to the method of ſolution you have choſen, 
that ſo, by the help of theſe lines and mediums, you may deduce 
a conneCtion between known and unknown quantities or lines. 


Then proceed to the operation as before directed, which, with 


a competent knowledge of Euclid's Elements, will be your 


guide: but the exact manner of proceeding ean ſcarlely be re- 
WS duced 
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duced to general rules, but muſt be collected by a careful exa- 


mination of each ſtep, aſſiſted by practice. 
PROBLEM I. 


Given the hypothenuſe of a right-angled triangle, and the ſum 
of the ſides, to find each of the ſides. 


Euclid, 47. I. a?=x? +5? —25x+x* AB=a 
| a 2 422g AC+CB=s 
a%—52=2x%—25x AC=x 
a2—j52 = x%—5x | BC=s—x 
2 
422—2 52 EY 
= K-, + = 
2 4 | 4 
24924237242 nl rather, 


Anſ. 5+ Viet 2,2 sither of the legs. 


PROBLEM II. Fig. 1. 


Given the hypothenuſe and the difference of the legs, to find 
the legs. 


AB=o; AC Banded 


ifs e = Ad V4 


31˖-„ k 


| 
| 
| 
| 
| 
| 
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PROBLEM III. Fig. r. 


"Given the W beste and the product of the t two legs, to 
| find each of the * 


5 
Let AC=s, and BC —, AB 
. 2 


V , 
Anſ. x = Jas + Y 24+ 


PROBLEM IV. Fig. 1 535 


Given the hypothenuſe, and the proportion of the two legs, to 
find each of them. 


Per queſt. * % :: d, and AB=a 


V 12 ,2 


_ = c+4d 


PROBLEM V. Fig. 1. 


Given one of the legs, and the ſum of the hypothenuſe and the 
other leg, to find the hypothenuſe and that leg. 


AB+BC=:, ACzd, CB. . 


. 
— 


24 2 


PROBLEM 
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PROBLEM VI. Fig. 2. 


To divide any given line, AB, into two ſuch parts that the 


rectangle, contained by the whole line and one of the parts, 


ſhall be equal to the ſquare of the other part. 


| AB 
CBS — 


Aa. a+ Va 
+. Þ 
PROBLEM VII. 


Given the difference between the Uiagonal of a ſquare and one 
of its ſides, to find the diagonal and the fide. 


Let d be the difference ad x the ſide. 
Anſ. ante 208 
PROBLEM VIII. Fig. 1. 


Given the perimeter, and the area of a right-angled triangle, to 
Te find the hypothenuſe. 


Let AB+BC+CA=2a 
Area = 
ABS M 
AC CBS - 


a? —bg 


Au. x = 
— 


312 T PROBLEY 


— äöẽää ͤ b22‚ͤů— 2 
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PROBLEM IX. Fig. 3. 


In the right-angled triangle, ABc, given the baſe AB, and the 
ſum ot the perpendicular CD, and the ſides BC and CA, to 
find the triangle. 


CA+CB+CD=a 
AB=b 

CD=x | 
AC+CB=a—x 


an. x=b+0—Y 20422 


PROBLEM X. Fig. 3. 


Given * perimeter 7 A 3 triangle, and the per- 
* upon the W to find che ſeyeral 9 


ABT BC TAC 
BD=p 
| S 45 
. h „ C — 28 922 — 
Anſ. The hyp. A = 2 


z 5. 
PROBLEM XI. Fig. 3. 
Given the ſum of the ſides of a right-angled triangle, and the 


perpendicular upon the hypothenuſe, to find the 9 
and the other legs. 


AB 
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BD 


| * 2 = (243) — 
The aka ſides may be found as in Prob. 10. or by Eucl. 8. vi. 


Coroll. 
' PROBLEM XII. Fig. 4. 

In a given triangle to inſcribe a ſquare. 
ADG 
KD x 
KA=zb—x 

tk 
nf. * x, | 0 Uare. 
8 5 . 


PROBLEM XIIL. Fig. 5. 


In a given triangle, to inſcribe a rectangle of a given magni- 
tude. 


BCD 


HO g= a 


PROBLEM 
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PROBLEM XIV. 


The fides of a rectangle being given, to find the breadth of a 
piece to be taken off half round the rectangle, and of an e- 
qual width, that ſhall take up juſt half the reQtangle. 


Let I=length, 
_ b=breadth, 
a=the area, 
the ſum of the ſides, 
P- their product, 
* the breadth required. 


| As, K 45 7 25% the breadth. 


PROBLEM XV. Eig. 5. 


Given all the ſides of a parallelogram, : and one — to find. 
the other diagonal. 


Put DC, 
BA 
AC=d 
DB=x 


Anſe n= V 202+262—d2 
PROBLEM XVI. Zig. 6 


Given the chord of an arch, and the diameter of the circle, of 
which the arch is a part, to find * verſed * or the 
height of the arch. 


Put 
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| Put AB = 2a ; 
CF 5 
en + 
| DF b—x 
See Euclid, 35. III. 
Yar +36 


N. B. The half of the diameter is to be added or ſubtracted | 
according as the arch 1s greater or leſs than a ſemicircle. 


PROBLEM XVII. Fig, 7. 
Given the ſolidity, depth, and the proportion of the head and 
baſe diameters, of the fruſtum of a cone, to find the diameters. 


Let x AB, 
„ CD, 
d depth, | 
s ſolidity 
And leta:b::ix:y; 


- | 
Alſo 24 ſquare of the mean area. 


S 


Subſtitute m = 24 


Pe _— 


; | a 
Then the anſwer will be | 


mb 


a%*+b2+a þ 


vV. > 
ma? 


[= + a the greater. 


we - y the leſs, 
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